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Television Teaching Of Organic Chemistry 


eBy Kart C. Schreiber, Ph.D., (Columbia University) 


HEAD, DEPARTMENT OF CHEMISTRY, DUQUESNE UNIVERSITY 


The use of television to replace the “live” 
teacher has been the subject of much study and 
experimentation. 

Organic chemistry presents several special 
problems in television, and for this reason it was 
made the subject of an experimental study. 


During the academic year 1956-57 Duquesne Univer- 
sity conducted an experiment in teaching Organic 
Chemistry by closed-circuit television. The choice of 
subject was not arbitrary. Organic Chemistry, perhaps 
like no other subject, normally depends on the con- 
tinuous use of the blackboard throughout the lecture 
period. The test, therefore, was whether the restricted 
use cf the blackboard would make it impossible to pre- 
sent this subject over TV and what techniques could be 
devised to minimize the use of the blackboard. Since 
th's represented Duquesne’s first experiment in TV- 
teaching, we were also concerned with the question of 
the student-teacher relationship and the performance 
of the students. 

In establishing our basis for evaluation and com- 
parison of the outcomes of this course, we divided the 
students enrolled into two groups. The first group, 
hereafter referred to as the “live’’ group, was present 
in the studio with the instructor. The second group, 
hereafter referred to as the “receiving” group, was in 
a separate room and received their instruction by means 
of a twenty-four inch television receiver. The “receiv- 
ing” group was provided contact with the instructor by 
means of a two-way intercom system, and thus could 
maintain vocal contact with the instructor at all times 
throughout the duration of the classes. 

Since the total number of students enrolled in this 
course was only fifty-one, we realize that this is too 
small a group to represent an accurate statistical sam- 
ple. However, it is interesting to note that our results, 
like the results of so many experiments in TV teaching 
of other subjects in the past five years, show that the 
acquisition of the knowledge of organic chemistry was 
in no way impaired through television teaching. 


The Blackboard 


Let us now censider the problem of the blackboard. 
The total blackboard area available in a large lecture 
room cannot be reproduced on the TV screen keeping 
the writing readable. This means that only a small 
portion of the board can normally be seen on the screen, 
which is not serious when a relatively small amount of 
writing is presented during the lecture, as in many 
subjects previously tested for TV-teaching, but when 
the teacher writes continuously, the only way television 
can keep up is by moving the camera with the teacher 
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as he writes. This presents a definite strain on the 
student who is a slow writer. While in the regular 
lecture course he can fall behind and still continue to 
copy from the blackboard even though the teacher has 
gone on to other reactions, in television receiving he 
must be able to copy as fast as the material appears on 
the screen. Some students, for this very reason, find 
that they concentrate more in TV receiving than nor- 
mally, but others find the pace too fast for them. 


To minimize the use of the blackboard, four to six 
charts were prepared prior to each lecture. The charts 
(28 inches by 22 inches) were made by writing with 
black ink (one inch lettering) on light-grey cardboard. 
The length of time spent in going over these charts 
varied from four to ten minutes. On many occasions 
the discussion of the material on the chart was inter- 
rupted by supplementary equations put on the black- 
board. The material on these charts was given to the 
students on mimeographed sheets containing between 
5 to 7 equations per page with enough space between 
the equations for the student to write additional com- 
ments. It might be said that this represented a “pre- 
pared notebook.” This technique helps to eliminate the 
complaint of students, even in conventionally taught 
organic chemistry courses, that they have a tough task 
to copy all the material from the blackboard and at the 
same time take notes on the comments made by the 
instructor concerning these equations. Even though this 
helped considerably in the presentation, the restriction 
on space was severely felt by the instructor particularly 
during the last few weeks when the more complex or- 
ganic compounds were discussed. 


Demonstrations 


During the last few years lecture demonstrations have 
been introduced into the lectures in organic chemistry 
at Duquesne University. This has been done in order 
to decrease the number of test-tube experiments in the 
laboratory and, therefore, enable an increase in the syn- 
thetic ones. Also it makes it possible to tie these ex- 
periments closely to the lecture material and to develop 
the technique of careful observation and analysis of 
the experiment. 


As might have been anticipated this phase of the 
course was particularly satisfactory over television. 
Minute observations (such as the exact location of the 
thermometer bulb in a distillation set up) could readily 
be made on the TV screen while in a large lecture room 
the students could hardly be expected to see such smal! 
details. The lack of color made it necessary to om't 
some experiments. However, since organic chemistry is 
a course for sophomores and juniors, colors could be 
readily described in terms of chemicals with which the 
student should already be familiar. 

(Continued on Page 46) 
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The Harvest of Fragrance... 


SANDALWOOD 


e By Noel Owers, Ph.D.,. (Nagpur University, India) 
DEPARTMENT OF BIOLOGY, DUQUESNE UNIVERSITY, PITTSBURGH, PENNSYLVANIA 


Among the world’s many valuable woods, 
sandalwood is one of the most precious. The 
exotic fragrance of the wood and of the extracted 
oil has been an olfactory ambrosia that has at- 
tracted the attention of mankind from very early 
times. Its long standing use in eastern rituals 
and more recently in the cosmetic industry has 
created an enduring and ever increasing demand. 


Early Origins of the Sandalwood Trade 


Sandalwood trees (Figure II) appear to be indi- 
genous to a narrow zone near the equator composed of 
a series of islands beginning from entrancing Bali and 
Timor near eastern Java and ending in the paradisiacal 
Hawaiian Islands in the Pacific Ocean. The early 
Hindu religious books in India contain references to a 
fragrant wood called chandana, the sanskrit name now 
applied exclusively to Santalum album (true sandal- 
wood) belonging to the family Santalaceae, but this 
may have been Pterocarpus indicus of the family Legu- 
minosae which is native to South India and which like 
Santalum album has a somewhat sweet smelling wood. 
It was probably the latter that was imported by 
Solomon in the 10th century B.C. for building the 
temple in Jerusalem. But it also might have been one 
of several other kinds of odoriferous woods that have 
been offered as sub- 
stitutes for sandal- 
wood from time to 
time. More authentic 


Although Blundevil in 1594 records, “. . . from the 
ile of Timor doth come . . . the white and pale medi- 
cinable sample called Sandalum,” it was but compara- 
tively recently that trees of this kind were discovered 
in the Pacific Islands by sea-faring adventurers from 
European countries. When they burnt the trees as 
firewood, they were amazed by its fragrance. The 
wood was then evidently taken back to Europe where 
its discovery created considerable stir. Ship after ship 
set forth from Europe to gain possession of the rare 
and valuable wood. A sort of “sandalwood rush” not 
unlike the famous Klondike Gold Rush followed. The 
insufficient and diminishing supply of white sandal- 
wood gave it an increasingly high value. Hence trade 
in the wood was profitable even despite the long hau! 
involved. 


The Royal Debt 


The sharp upward trend in the sandalwood trade 
evidently began in 1809 when two brothers, Captains 
Jonathan Winship and Nathan Winship, together with 
William Heath Davis sailed on an American ship from 
Honolulu to Canton with a full load of sandalwood 
which they sold at a considerable profit. The sandal- 
wood tree or ilialu or lanhala (lau, wood, hala, sweet) 
as it was known to the Hawaiians, was a boon which 
at first brought prosperity to the islands. But it also 
carried with it seeds of disaster. The king Kamehameha 
I, granted the trio of 
Americans a mon- 
opoly which he later 
cancelled and _ took 
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wood were known to 
have been imported 
from the Hawaiian 
Islands into China 
during the period 
1790-1810. 


DRAINAGE 
STOPCOCK 


DIAGRAM SHOWING METHOD OF DISTILLATION 
OF OIL FROM wOOD 
FIGURE I 


double their weight 
in sandalwood. The 
kings Liholiho and 
Kamkeaouli paid the 
equivalent of $77,000 
for a brig and its 
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cargo, $800 for a 
looking glass and 
$10,000 for a 
brass cannon, all 
paid for in sandal- 
wood. Other reck- 
less purchases, 
given on credit 
for sandalwood to 
be delivered later, 
increased the 
royal debt which 
in 1821 amounted 
to $200,000. San- 
dalwood became 
the article of bar- 
ter on the islands 
in the absence of 
local coinage. 


As the desires 
of the king for 
western manufac- 
tured goods in- 
creased, the royal 
debt grew ever 
greater. A_ de- 
mand for more 
and more fre- 
quent taxes in 
sandalwood re- 
sulted, and the 
people were or- 
dered to search and cut all trees into logs 6 to 8 feet 
long, which brought the highest price. The easily 
accessible sandalwood stands had already been felled 
and so the people had to climb farther into the wet 
and cold mountains where many died of exposure. 
While they were away in the interior, crops were 
neglected so that famine came to the islands and took 
its toll of the king’s subjects. Under these conditions 
trees were felled recklessly. Little effort was made to 
preserve young trees or to replace those which had been 
cut down. Cattle grazing, forest fires and lumbering 
for firewood added to the rapid removal and in a few 
years, sandalwood trees had all but disappeared from 
the islands. In 1831 the wood gathered was so small 
in quantity and so inferior in quality that its value 
fell sharply and this poor yield ended the sandalwood 
trade in the Hawaiian Islands. 


Ficure Il 


$800 a Ton 


The family Santalaceae comprises 26 genera and 250 
species of which 19 species of Santalum occurring na- 
turally from Java to Juan Fernandez, Hawaii, have 
been recorded. The most important single source of 
sandalwood today is South India. But even this is not 
sufficient to meet demands, and nowadays India sup- 
plements its native supplies by importing quantities of 
Santalum spicatum and S. acuminatum from Singapore 
which in turn imports from Australia where sandal- 
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wood silviculture 
has been more re- 
cently developed. 


In Mysore State 
alone, a part of 
South India, the 
annual yield is 
about 2500 to 3000 
tons. A ton of 
wood costs nearly 
$800. It is inter- 
esting to note that 
both in Mysore 
and in the adjoin- 
ing State of 
Kerala the san- 
dalwood industry 
is traditionally 
the exclusive 
monopoly of the 
State. Historical 
records indicate 
that the British 
East India Com- 
pany recognized 
this monopoly in 
one of its many 
treaties with the 
Mysore kingdom 
back in the early 
19th century. 


Indian Wood & German Oil 


Until 1916, Germany was the only country which 
distilled sandalwood oil on a scientific basis from wood 
supplied from India. But World War I (1914-1918) 
cut off the Indian imports and the Germans were left 
with no option but to shut down their sandalwood oil 
distilleries. 


When the German market closed, the Government of 
Mysore decided to operate a local distilling plant. In 
1916 a factory run on modern lines was started. Dur- 
ing the few decades since its inception, this factory has 
distilled all the oil marketed by Mysore State. Kerala 
State also operates a distillery utilizing the sandalwood 
produced in the state-owned forests. 


Sandalwood Is a Parasite 


Sandalwood grows wild in most districts of Mysore 
and Kerala. Trees attain maturity after about 10 
years, when they are suitable for distillation of oil. 
Species of Santalum, and indeed other members of 
Santalaceae, are among those curious plants which 
cannot feed themselves. They have no true root system, 
but attach themselves by haustoria (sucking roots) to 
the roots of other plants, tapping their sapstream for 
nutrient solutions. They appear to be very catholic in 
their choice of hosts, being able to grow on any one of 
160 species of flowering plants (Angiosperms) belong- 
ing to many different families. 
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Sandalwood Hand Carving. 
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A wild South Indian shrub, Lantana, generally con- 
sidered an agricultural pest, redeems itself by helping 
in the growth of sandalwood seedlings. The Lantana 
serves as a “nurse” permitting the sandalwood seed- 
lings planted in their midst to suck nourishment from 
their roots and grow into mature trees. When culti- 
vated under the unnatural conditions of a seedsman’s 
nursery the seedlings will germinate. However, unless 
other plants are near enough for the haustoria of the 
seedlings to develop on their roots, the seedlings will 
wither as soon as the food stored in the seeds has been 
used up. Thus for growth to maturity they must be 
grown among other plants, either by design under culti- 
vation or by chance in their natural habitat. 


The young sandalwood tree has white heartwood in 
which a minute amount of oil is present. As the tree 
grows older its oil content increases. Its wood becomes 
yellowish, then brown and eventually the fully grown 
tree has a brownish red wood which contains the 
maximum percentage of oil. Although the tree matures 
in a decade it is very slow growing and even after the 
proverbial four score and ten years the height of a 
tree will seldom exceed 30 feet and the diameter 20 
inches. 

True & False 


Merchants generally distinguish three kinds of san- 
dalwood according to colour. White sandalwood is ob- 
tained from Santalum album, a tree resembling myrtle, 
found on the Malabar coast (India). Citron or yellow 
sandalwood is from Santalum freycinetianum, found in 
the South Sea islands. Red sandalwood is the deep 
red heartwood from Pterocarpus santalinus L. from 
which a red dye is extracted known to Indians as 
rukla chundan. Other species of wood have been mis- 
takenly called sandalwood, but resemble the genuine 
sweet-scented, close-grained wood of S. album in texture 
only but not in odor. These are Bucida capitata (West 
Indies), Eremophila mitchelli (bastard sandalwood), 
Eremophila sturtii (scentless sandalwood), Alyxia buxi- 
folia called the native sandalwood in Tasmania, and 
Quercus abelicea, the false sandalwood of Crete. Some 
unscrupulous dealers quite commonly impregnate the 


surface of an inferior wood with sandalwood oil and 
sell it as sandalwood. 


Stages In Production 


As soon as sandalwood trees attain a stage suitable 
for the distillation of the oil, they are felled and the 
sapwood and outer bark is stripped off with the aid 
of hatchets. In earlier days the logs would be allowed 
to lie in the forest and the outer useless layers of 
sapwood would either rot or be eaten by termites. But 
this takes more time than the present-day mechanical 
process of hewing off the unwanted portions. The 
heartwood is taken to storage depots situated in various 
parts of the forest. Here, the wood is sawn into billets 
which are put together in small piles. Next comes the 
selection. The best part of the wood of each tree is 
retained for carving, while the remainder is sent to the 
distillery. In the distillation factory, the billets are 
chipped into small pieces and then ground into fine 
powder. At this point the wood is ready for distillation 
of its oil content. 


The distillation chambers are huge cylindrical vessels 
with two openings, one for letting in and another for 
letting out steam (Figure I). The sandalwood powder 
is then shovelled into these vessels and steam let into 
them at high pressure. The steam, as it passes through 
the stills, carries along with it the vapour of the oil 
that is in the wood. The vapour-laden steam is then 
cooled in large condensers, where the vapour condenses 
to form oil. Since the sandalwood oil is lighter than 
water it floats on the surface. The oil is then with- 
drawn, purified by various chemical processes, packed 
in bottles of various sizes and is ready to be sold on 
the market. 


Gudigars — The Sandal Carvers 


Sandalwood oil is sold all over the world to drug 
companies and to perfumery and soap industries. 


Sandalwood powder goes into the making of incense 
and joss sticks that are used daily in homes, temples, 
mosques and pagodas throughout India, and the Middle 
and Far East. The wood is also used for making costly 
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Fictre V— Sandalwood Hand Carving. 


furniture, delicate sculptured articles, and highly intri- 
cate turnery. From the earliest times, Indian artists 
have been famous for their carvings made from sandal- 
wood (Figure III). Members of a community known as 
gudigars specialize in the art of carving, and the skill 
has been passing from father to son for many genera- 
tions. These people live mainly in the towns of Sagar 
and Sorab in west Mysore State. Encouraged by the 
Indian Government, their handicraft is now an im- 
portant cottage industry and sandalwood carvings form 
an important part of India’s cultural heritage. 


In the Orient, particularly in China, Burma and 
India, the wood is used for making idols and sacred 
utensils for shrines, and as a fuel for funeral pyres of 
the rich. The distilled oil is used in numerous medi- 
cines, perfumes, and cosmetics and as a body rub. In 
India the oil mixed with paste, is used by Brahmins 
for caste markings. 

At one time even the thick oil pressed from the seeds 
cf sandalwood trees served as illuminating oil. In 1599 
Fitch in Hakluyts Voyage records that “. . . the white 
sandol is wood very sweet ... the Indians grinde it 
with a little water and annoynt their bodies therewith.” 
The Persian kings, in their heyday, imported ships full 
of sandalwood. Parke in 1588 in a translation of 
Mendoza’s History of China, records that, “. . . when 
the king doth die, they do . . . burne his bodie with 
wood of Sandalo.” But with the sad passing away of 
institutional monarchy in Persia and other eastern na- 
tions, sandalwood has found better use as the carver’s 
symbol of Man’s creative art—and its fragrant oil 
seems just a whiff from Paradise beyond. © 
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Television Teaching 
(Continued from Page 42) 


Questions from Students 


In the chemistry lectures at Duquesne University the 
students have had the opportunity to interrupt freely 
for questions. This procedure was continued for the 
“live” group. The “receiving” group was able to ask 
questions via the intercom system mentioned above. 
Even though the students were frequently urged to 
make more frequent use of the opportunity to ask 
questions, it was noted that both groups were more 
reluctant to ask questions than normally. On direct 
question the students indicated that they were loath 
to interrupt since the TV lecture was such a compli- 
cated “production.” This problem will disappear as 
the students will become more accustomed to this new 
medium of education. 

It has been my practice in all my lectures to establish 
contact with the students by asking questions of them 
during the lecture. With the use of the intercom system 
it was possible to continue this procedure, and to draw 
the student in the receiving room closer to the teacher. 
He, too, was part of the lecture and not merely a 
passive receiver on the other end. 

During the second semester the following system was 
tried to give a closer student-teacher relationship. The 
two groups were rotated at regular intervals, thus 
giving all the students a chance to attend class face 
to face with the teacher and also to give the teacher a 
chance to become acquainted with the members of his 
class. It is the opinion of the writer that a three-week 
rotation system would work satisfactorily. 


Student Reactions 

During the experiment, we tried to obtain the opin- 
ions of the students by a series of three questionnaires. 
While I do not want to describe the questionnaires and 
their results in detail here, I would like to mention a 
few highlights. One question was “Do you feel that 
you could learn as much through television classes as 
you could in conventionally taught classes with the 
same teacher?” At the start of the semester 9 indicated 
that they would learn more, 10 about the same and 
31 indicated less. At the end of the semester 9 indicated 
more, 25 about the same and 15 less. At the end of the 
semester the members of the “receiving” group were 
asked “If you were to participate in another class of 
this type would you prefer to be in the ‘live’ or ‘receiv- 
ing’ group?” 12 preferred to be in the “live” while 13 
preferred to remain in the “receiving.” 

It should be mentioned that close cooperation between 
three departments of the University, namely Chemistry, 
Journalism and the Testing Bureau, was necessary for 
the successful completion of this project. This inter- 
departmental effort unintentionally served to bring 
about a better understanding of each others problems. 


A great deal more experimentation with the use of 
TV in education is necessary. It is not the answer to 
all the problems of our educational system, but like 
other teaching methods it has its proper place. @ 
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Martian Atmosphere Restudied 


© From: The U. 8. Department of Commerce 
NATIONAL BUREAU OF STANDARDS, WASHINGTON, D. C. 


Telescopic observations strongly suggest that Mars 
has an atmosphere similar to, though more transparent 
than, the atmosphere of the earth. For more specific 
information cn the Martian atmosphere, astronomers 
have relied mainly on the spectroscope or spectrograph, 
instruments that analyze the sunlight reflected from 
the planet’s surface. In principle, the gases present 
should reveal themselves by their characteristic absorp- 
tion lines and bands, but results so far have not been 
conclusive. However, the persistence of inconclusive 
results despite increasing sensitivity of observing tech- 
niques has led to lower estimates of the quantities of 
gases, such as oxygen, water vapor, and carbon dioxide, 
that may be present on Mars. 


Another attack on this problem has been made by 
scientists of the National Bureau of Standards, and 
they have now completed analysis of the spectrograms 
obtained during the close approach of Mars in the late 
summer of 1956!. Two husband-and-wife teams—C. C. 
Kiess, H. K. Kiess, C. H. Corliss, and E. L. R. Corliss— 
participated in the investigation which was sponsored 
jointly by the National Geographic Society and the 
National Bureau of Standards. 


Using more sensitive instruments than have been 
previously applied to this purpose, the scientists photo- 
graphed the Martian spectrum under the excellent ob- 
serving conditions at the new high-altitude observa- 
tory, operated by the U. S. Weather Bureau on Mauna 
Loa voleano in Hawaii. Also, in an effort to extend 
observations farther into the infrared, another set of 
spectrograms was made at the Georgetown College 
Observatory in Washington, D. C. 


The investigation concentrated mainly on a search 
for oxygen and water vapor. The results indicate that 
both of these, if present, occur in quantities too small 
to be detected with the equipment used. On the basis 
of laboratory tests of spectrograph sensitivity to water 
vapor, this means that there is less H»O in the Martian 
atmosphere than there is in a film of water 0.08 mm 
(1/300 in.) thick. The spectrograms also showed no 
trace of the carbon-dioxide lines that have been ob- 
served in Venus, or of spectral lines of the noble gases. 


It is believed that these results are not incompatible 
with the presence of water vapor in amounts sufficient 
to explain, for example, the transport of water from 
one polar cap to the other. For it is now fairly well 
established that the white polar caps of Mars consist 
of solidified HO, and it is reasonable to suppose that 
the seasonal process in which one cap shrinks while 
the other expands is due to the transfer of water vapor 
over the Martian surface. 


The results do raise the question, however, as to 
whether the spectroscopic tests hitherto used are deli- 
cate enough for the purpose. In the case of H»O mole- 


cules, there is reason to believe that the bands that 
have been used (because of accessibility to present 
methods of observing) are not the most sensitive ones. 
Both theory and experiment indicate that much stronger 
bands occur farther in the infrared, but different or 
improved techniques are needed to detect them on 
Mars. The use of spectrographs mounted in _ high- 
altitude balloons, rockets, or artificial satellites will 
reduce the difficulty further. 


Methods 


The light from Mars, as received near the earth’s 
surface, is really a composite of 3 different spectra. 
Specifically, it contains absorption lines originating 
(1) in the reversing layer of the sun’s atmosphere, 
(2) in the atmosphere of Mars, and (3) in the atmos- 
phere of the earth. The wavelengths of the solar lines 
are accurately known and so can be easily identified. 
For the much more difficult task of distinguishing lines 
due to Mars from those due to the earth, 2 methods 
have been in use. 


One method is to observe Mars at “opposition,” that 
is, when Mars, earth, and sun are most nearly in a 
straight line, with the earth between the other two. 
Its distance from the earth being a minimum (or nearly 
so), Mars is then at its brightest. Also, because the dis- 
tance between Mars and the earth is neither increasing 
nor decreasing, absorption lines originating in the at- 
mosphere of Mars will not be separated by Doppler 
shift from those originating in the earth’s atmosphere; 
so that oxygen lines, for example, from Mars will be 
superimposed on those from the earth. In such a case, 
the line may be noticeably intensified or, more likely, 
distorted; that is, since the Doppler shift is not 
negligibly small except for a brief interval, the in- 
tensity profile of such a line, as measured with a 
microphotometer, would be asymmetrical. Such distor- 
tions might be detected more readily by comparison 
with corresponding lines in the spectrum of the moon 
(which has no atmosphere of its own). 


The second method is to observe Mars at some time 
before or after opposition, when the Doppler shift 
would separate clearly the Martian from the terrestrial 
lines. Then, if there is oxygen in the atmosphere of 
Mars, one might expect the oxygen lines caused by the 
earth’s atmosphere to have faint companions separated 
by the amount of the Doppler shift. 


Comparison with the spectrum of the moon, obtained 
under similar conditions, would allow the Doppler shift 
to be measured—for example, by the relative displace- 
ment of the solar lines. Comparing the Martian spec- 
trum’ with the more familiar spectrum of the moon 
would also help in detecting any unknown lines that 
might show up. 
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The second method was used in the present investi- 
gation. Spectrograms were obtained about 7 weeks 
before opposition at Mauna Loa and about 6 weeks 
after opposition at the Georgetown observatory. In 
the earlier spectrograms the Doppler shift was 0.22 A 
(angstroms) towards the short wavelengths, and in 
the later ones 0.25 A towards the longer wavelengths. 
The measured values of the shift agreed well with the 
values calculated from the orbital velocities of Mars 
and the earth. 


Instruments 


The new study of the Martian spectrum was under- 
taken in order to see what could be done with the newer 
aids to observation. These include better diffraction 
gratings and optical systems, faster photographic plates, 
and more accurate guiding mechanisms for prolonged 
photographic exposures. 


Before proceeding to Hawaii, the scientists tested 
the feasibility of using high-dispersion concave gratings 
for planetary spectroscopy at the Georgetown observa- 
tory. Various arrangements were tried out on Jupiter, 
which was then about as bright as Mars would be in 
July 1956. The tests justified proceeding with the 
project and showed that the mounting devised by 
Wadsworth would be suitable for the grating. 


Light is gathered from Mars with a siderostat, a 
mirror that is motor-driven (with manual fine adjust- 
ment) so that the light is always reflected in the same 
horizontal direction towards the rigidly mounted tele- 
scope lens and spectrograph. The telescope lens focusses 
an image of the planet onto a slit, and the light passing 
through is converted into a parallel beam by a collimat- 
ing mirror. The beam then strikes and is reflected 
from a concave diffraction grating which spreads the 
light out into its components according to wavelength. 
The light as thus spread out—i.e., the spectrum—falls 
upon a thin glass photographic plate which is curved 
to fit the focal plane of the grating. 


Two diffraction gratings were selected. One was 
ruled by R. W. Wood at Johns Hopkins University and 
has 15,000 lines per in. and a (reciprocal) dispersion 
of 5 A per mm. The other, ruled by H. G. Gale at the 
University of Chicago, has 30,000 lines per in. and a 
dispersion of 2A per mm. Both have the special virtue 
of concentrating much of the light in one of the first- 
order spectra. The telescope lens, 12 in. in diameter 
and 12 ft. in focal length, was made by J. Clacey, former 
chief optician at the National Bureau of Standards. 


Observations 


The observatory on Mauna Loa offers many ad- 
vantages to the astronomer. Situated in the midst of 
the Pacific at an altitude of 11,134 feet, it is free from 
the ruggedness of terrain that produces turbulence in 
the surrounding air. Particularly important is its 
height of about 1 mile above the inversion layer of the 
atmosphere. This is the level at which the temperature 
of the air starts to increase with increasing altitude; 
the bulk of atmosphereic dust and moisture are trapped 
below it. 
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Built for the joint use of the U. S. Weather Bureau 
and the National Bureau of Standards, the Mauna Loa 
observatory was only recently put into service’. In 
fact, the scientists making the present study arrived 
in time for the dedication ceremonies and began the 
Mars observations immediately afterwards. 


Spectra of Mars and the moon were obtained suc- 
cessively on the same plate, the exposures to Mars 
lasting 3 hours each. The Wood grating was tried 
first. The spectrograms proved sufficiently dense to 
warrant using the more dispersive Gale grating, which 
was then set up to photograph wavelengths from 5800 
to 7400 A. 


The Doppler shift is clearly evident in the best spec- 
trograms. In several cases, lines of solar origin that 
are hidden behind terrestrial lines in spectrograms of 
direct sunlight are shifted out of their hiding places 
and appear separately in the spectrum of Mars. If 
any lines due to water vapor or oxygen in the atmos- 
phere of Mars appeared in the spectrum, they should 
be shifted by about 0.22 A from those of terrestrial 
origin. However, there are no companion lines to be 
seen with the strong lines either in the Fraunhofer B 
band of O» (roughly 6870 to 6940 A) or in the a band 
of H2O (roughly 7200 to 7300 A). 


Later, the spectrograph was set up at the George- 
town College Observatory. The aim was to extend ob- 
servation farther into the infrared than was possible 
at the time on Mauna Loa. The lower altitude of 
Washington, D. C. made it necessary to use the Wood 
grating; exposures to Mars were each about 5 hours 
long. The portion of the spectrum from 5000 to 9000 A 
was photographed and scanned for lines of atomic nitro- 
gen, oxygen, and the noble gases, as well as for the A 
band of O» (about 7600 to 7700 A), the HO band at 
8200 A, and the CO» bands at 7820 and 7889 A that 
were found (1932) by W. S. Adams and T. Dunham, 
Jr., in the spectrum of Venus. Again the Doppler shift 
was clearly evident, but none of the lines sought for 
could be detected. 


Interpretation 


The results of this investigation, which extended over 
a greater wavelength range and utilized higher dis- 
persion than those previously reported, confirm the find- 
ings of W. S. Adams and T. Dunham, Jr°., in 1934 and 
1941, with respect to the low abundance of oxygen and 
water vapor in the atmosphere of Mars. The numbers 
of molecules of both gases are too small to be detected 
with the equipment used. 


In the case of water vapor, tests with a spectrograph 
of dimensions close to those of the one used in this 
study were made in the Bureau’s spectroscopy labora- 
tory. Under conditions in which the water vapor in 
the light path was equivalent to a water film 0.15 mm 
thick, a few of the strongest lines of the a band and 
the one at 8200 A were detectable. Since none of these 
were detected in the spectrum of Mars, the water- 
vapor content of its atmosphere must be less than that 
of a film of water 0.08 mm, or half of 0.15 thick; this 

(Continued on Page 66) 
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An Amateur Plants Fern Spores 


e By Kathryn E. Boydston 


FERNWOOD, ROUTE 3, NILES, MICHIGAN 


This back porch adventure with ferns is easily 
adaptable for use as a class project. The space 
and equipment required are at a minimum. 


This paper was presented at the 1957 AJ.B.S. 
meeting in California, and was published in the 
AMERICAN FERN JOURNAL, Spring 1958. 


The author is a director of the Spore Exchange 
of The American Fern Society. Those interested 
in this activity of the American Fern Society can 
obtain information by writing to Mrs. Boydston. 


For many years, I have been torn between two com- 
pulsions—an insatiable interest in ferns and a deep 
belief in conservation. There is a strong urge in me 
to see or to have every fern I hear or read about. 
The more I have, the more I want, whether they are 
in a connoisseur’s catalogue, in a lovely woods, or 
just beyond a barbed-wire fence! Especially do I 
crave the smaller rock-loving ferns, and the rarer 
they are, the more I desire them. My urge to con- 
serve has kept me within bounds, and although I'd 
never denude a rock of its rare Asplenium or touch 
a rarer Hartstongue, this does not in the least lessen 
my wanting them. 


The little porch shown in the accompanying picture 
is smaller than it looks, scarcely 6x8 feet, and was not 
really planned, but like Topsy, “it just 
grew”, and it might never have come about 
at all except for my fortunate meeting with 
our late Treasurer, Mr. Matt Mann, on the 
Vermont-New York Fern Society field trip 
in 1952. Mr. Mann claimed to be an amateur, 
yet he was successfully growing many ferns 
in a roughly-made propagating box in his 
basement. His methods were described and 
his propagator pictured later in the Ameri- 
can Fern Journal. As he gathered a few 
bits of fertile fronds on the trip, or shook 
spores into an envelope, he generously an- 
swered my many questions and added his 
assurance that if he could do it, I could. He 
gave me a bit of each kind he gathered 
and thus opened up a whole new world to 
me as I realized that perhaps some of these 
long-wanted, nearly-gone, or extremely rare 
ferns might someday be grown right here, 
and this with a help to conservation rather 
than a hindrance! 


Instead of the basement for propagation, 
I began to think of this small back porch. 


An electrician installed the lights just below the 
top shelf: a double-tube 48” fluorescent light with 
shade reflector for the center part and a matching 24” 
double-tube light for each end section. The top of these 
reflectors was painted light gray. An _ inexpensive 
chicken-brooder timer was installed inside the broom 
closet to turn the lights on and off automatically at 
the appointed hours of 5:00 A.M. and 11:00 P.M., 
respectively. We chose an 18-hour light day for no 
particular reason except that some advice was for 
16 hours and some for 20 to 24 hours. 


Up to this time, I had intended to use many ivies or 
scented geraniums or other home plants on the top 
shelf, but I blame them for an infectation of thrips 
that later attacked Hartstongue and other tender 
fern morsels below. Since then, the ferns have taken 
over and have proved a surprisingly magnetic attrac- 
tion to all who enter the front door and see them for 
the first time. 


That first fall, I tried planting spores gathered at 
home and on the 1952 and 1953 Fern Society trips. 
All the recommended ways were tried. I planted spores 
of Pellaea atropurpurea and of Asplenium platyneuron 
in six ways each. On the same day, spores from the 
same fronds were planted (1) on sterilized soil, (2) 
on porous brick set in water, (3) on tuffa pieces set in 
water, (4) on an inverted sphagnum-filled clay flower 
pot, (5) on pure peat, and (6) on finely-sieved sphag- 
num. Each was glass-covered. In both species the soil 
was so far ahead in amount as well as promptness of 


Tue Smact Fern Room. On the top shelf the larger-sized potted ferns; 
the middle shelf holds the 5-inch dishes of prothallia; the bottom shelf, 
the terrarium cases with sporlings planted in rows. Note the fluorescent 
fixtures under the top shelf. 
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germination, it has been used in all later work since 
then. 


This first planting was fairly successful, but there 
was something so untidy about all these glass-covered 
pots of varying size and condition that it was far from 
satisfying. Clay pots were banished in favor of glass 
dishes for planting of spores. These were pyrex, which 
could be boiled, baked or steamed. A row of them 
looked very perky on the glass shelves. There were 
18 round pyrex dishes 5” in diameter which were on 
hand and just the right number to fill the long shelf. 


It had been my intention to transplant into other 
pans or pyrex dishes. However, I decided to plant them 
in rows directly in the soil of a large terrarium-like 
case. Since at times, the terrarium cases must be 
glass-covered, there is one glass cover to fit each of 
the two end cases. The center case has two pieces of 
such size that there are, all together, four different 
lengths all the same width and when the glass is to be 
removed gradually, they can be shifted around to allow 
more air and open space without shock to the ferns. 


By this time, Dr. Benedict had organized the Ameri- 
can Fern Society spore exchange and knowing of my 
enthusiam for this newest venture asked me to receive 
and distribute them. This was a challenge and an 
opportunity. As I began to receive them and also 
to gather more kinds myself, it was soon apparent that 
more dishes were called for. Twenty-seven dishes were 
bought for the upper shelves. 

As spring was cold and late, the ferns in the lower 
eases had outgrown their quarters. More elbow room 
and root room was needed. So three “collars” of heavy 
aluminum were made to fit the top pan. They were 
like the sides of a box but with no bottom. This allows 
3%” of soil and space for many more rows of plants. 
They may be used 1, 2, or 3 at a time as need dictates 
and are easily stored. 


Some kind of shade above the lights is needed to pro- 
tect dishes and plants from the winter sun. In sum- 
mer there are enough shade trees outside, but when the 
winter sun does shine through the glass, it has been 
necessary to shade the dishes with a strip of paper or 
cheesecloth. I plan now to weave some matchstick 
push-back shades. 

There are all told 14 feet of 6” shelf under lights 
to accommodate 31 dishes, and 20 feet more above 
(with just window light) for 54 dishes. In all, 85 
dishes for planted spores and gametophytes. 


In the lower cases, there is about 14 square feet 
of soil space where row upon row of the “patches” of 
tiny ferns grow from glass-covered “babyhood” to un- 
covered “childhood” under the lights; and above, the 
upper shelves are 2” wider, offering about 16% square 
feet for rows of larger ferns in their “youth.” 


At present, there is even more than the usual keen 
interest, as about twenty of the dishes are planted 
to two species each in the hope of finding Asplenium, 
Dryopteris or ether hybrids which have rarely been 
found in their native habitats. In other dishes are 
spores from England and Europe and from New 
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Zealand to be tested for hardiness if they reach matur- 
ity. In others, are some from California and others of 
known inability to survive here without a greenhouse, 
and always in some dishes are Eastern ferns, more 
of which are wanted for Fernwood planting. But never 
at one time, even with 85 dishes, is there room for 
all the kinds I would like to try. 


It is not always easy to ease the ferns into the world 
of the out-of-doors. This is usually done by choosing the 
time weather-wise and planting them in rows in nurs- 
ery beds or cold frames where they stay for the first 
winter. Here attention can easily be given to lath and 
cheesecloth shade and frequent watering at first and 
to winter cover later. If they survive this ordeal, lime- 
stone rock ferns can go into the steps and wall, crested 
and frilled English ferns and others not native to 
eastern woods can be added to those already planted. 


My soil mixture is roughly the usual “4s leaf mould, 
1, sand, '% soil.” If leaf mould is scarce, peat is sub- 
stituted. Each ingredient is put through a 4” mesh 
sieve, then well mixed. Some of this mixture, which 
has a “good feel” (if it doesn’t add more leaf mould 
or peat) is then sifted through the fine mesh of an 
ordinary window screen. Both mixtures are then steril- 
ized in roasting pans in the kitchen oven set at 350° 
for 2 or 3 hours. Quite a bit of water is added to each 
roaster in order to create steam in the oven. Mean- 
while, the dishes are washed and sterilized in a hot 
water bath canner. The first time, I put the soil in 
the dishes and sterilized all at one time, but the water 
evaporated leaving the soil to harden on the sides of 
the dishes in an unsightly ring. 


When the soil has cooled sufficiently, the finer mix- 
ture is spooned into the dishes, or used as the top layer 
in the cases where tiny patches will be planted. The 
coarser mixture is all right for the underlayer and 
for planting larger ferns. 

A mistake of my first planting was in filling in 
the soil too near the top of the dish. As a result, 
there was no space for the prothallia and tiny ferns 
to grow under the glass cover. Very little soil is needed 
at this beginning stage, so now % inch of space is 
left between soil and glass. It is gently tamped into 
a smooth flat surface with any flat-bottomed glass or 
tamper. If it seems too dry, some distilled water is 
added and the cover put on. 


When all the dishes to be used are prepared, they 
are taken, one at a time, into another room for 
planting. Here only one envelope of one kind of spore 
is opened, a few spores are shaken or scraped with the 
back of a table knife onto a clean white paper, then 
put through the finest tea-strainer obtainable onto 
a second white paper and examined with a hand lens 
or magnifying glass to be sure the microscopic, round- 
appearing spores are really there. They are then 
planted by tapping the paper over the dish. 


As each dish is planted, it is labeled with a small- 
lettered strip of paper, narrow enough so that Scotch 
tape will cover it on all sides to hold it securely on 
the dish and to protect it from water. 
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Depending on weather and temperature, these dishes 
need watering only every 10-20 days. The logic of “con- 
stant moisture” of clay pots standing in water is 
reasonable, but as pointed out, untidy. In order to have 
the neatness of the pyrex dishes, I preferred to gamble 
on the correct amount of moisture. Sometimes, due 
to my absence or the pressure of other duties, some 
have become too dry but seem to recover if caught 
in time. Although frequent advice is to keep them 
“very moist and humid,” my experience and the advice 
from Ann Arbor is that to err on the dry side is much 
better than keeping them too wet. 

At present, I am experimenting with several dishes. 
At planting time, a small roll of floral clay was put 
around the rim of the dish and the cover pressed 
tightly onto it. These dishes show bubbles of moisture 
on the cover each day. Others planted at the same time 
have been watered three times. 

While in the dishes, the plants are watered with bot- 
tled distilled water; when first in the cases, with boiled 
water, and later, when they have reached the “uncover- 
ed” or “upstairs” stage, I feel they should be able 
to cope with water from the faucet. 


In spite of oven sterilizations of the soil (which of 
course is not a laboratory sure-proof method), occasion- 
ally a dish shows spots of a grey mould. If detected 
quickly its rapid spread over the whole dish can some- 
times be stopped by removing the affected spot and 
dropping a few drops of copper sulphate solution on 
the soil and edges. Even worse, but fortunately less 
common, are algae which quickly turn the lovely 
green to slimy black. In theory, with 85 dishes planted, 
loss of one or a few should not be cause for discourage- 
ment or sorrow, but in fact, it always seems to be the 
one most wanted, or most-rare, or one whose supp'y is 
exhausted which is affected. 


For transplanting the little patches from the dishes, 
the tool I find to be perfectly adapted to the job is 
an apple corer. The sharp point is used to dig around 
and lift a small patch, the rounded back is used to press 
it into the soil and then is neatly withdrawn, the 
point is used to gently tamp bits of soil around the 
edge of the little circle of green and smooth out the 
row. 

This planting in rows, all in the same container 
rather than in separate pots or pans, seemed at first 
to be taking a desperate chance. Fungus or pest trouble 
of one might cause destruction of all. But this has 
never happened. Fungus or moss is promptly removed 
as soon as noticed. Watering is a guess and-a gamble, 
but the layer of crushed stone at the bottom assures 
good drainage, and with a little experience there seems 
to be little danger of overwatering. A hand sprayer 
which gives a fog-mist spray is used for watering: 
later a bulb sprinkler is used. 

As the ferns grow, an occasional lift with a weaker 
than usual solution of Rapid Gro or other safe foliage 
fertilizer is used every 3 to 4 weeks. 


At first, it was my intention to mark each row with 
small green plastic markers, but these were not prac- 
tical. A list of names of each row in each section is 
made. These dated lists must be changed each time 
there is an exodus or entrance of new plantings, but 
the old lists are kept and form a good back-check 
when needed. The lists show the species planted, date 
of planting, source of the spores, the dates of the 
first germination, and first transplanting. They show, 
for instance, that spores having the 18 hours of arti- 
ficial light per day germinate in 2 to 4 weeks, those 
planted at the same time having only window daylight 
take a week to a month longer. In one year one 
planting kept under lights saved 3 to 4 months growing 
time. 

With considerable satisfaction I can look at my dish 
of promising prothallia and two rows of small size 
Asplenium pinnatifidum and remember the time a few 
years ago that I paid $2.50 for one small specimen 
just so I could see it—and later lose it. 


Last fall, a friend from upper Michigan sent for 
identification a frond of the rare and recently discovered 
Hartstongue. It was loaded with spores. Now there 
is a whole crowded row of Hartstonguve fronds about 
2” tall. 


There is a little patch of a very dwarf Adiantum 
pedatum found in the Olympic Mountains and not yet 
scientifically described. A purchased plant gave spores 
which when planted and grown proved to retain the 
dwarf size and to be hardy through our Michigan 
winters. 

A rare back-cross hybrid appearing quite by accident 
in one of the rows last fall was discovered by Dr. 
Wagner, and will soon be described by him in the 
Journal. This gives rise to the hope for other planned 
hybrids. There are just two plants of a crested 
Asplenium trichomanes developed from sowing a bit 
of frond sent with many others by Mr. Rugg from Eng- 
land. But now there are several fronds heavy with 
sporangia which will assure future plantings. 


And so I might go on to mention others as rare 
or as long-wanted. In the short space of time the 
spore exchange has been in existence, a creditable 
list of available kinds has been built up. Many friends, 
not even members of the Society or knowing one fern 
from another, send fronds “with brown dots” from 
near and far vacation trips. Officers and members 
of the Society have been generous with time and effort 
to make contributions, but in order to keep a supply 
of fresh spores and of a growing number of species on 
hand, this must be repeated year after year. 


We ask the continued cooperation of all in sending 
the spores or fertile fronds to this exchange and also 
urge more members to request them in order to grow 
them and thus to duplicate in larger or smaller amount 
the pleasure I have derived from cooperation with 
nature in her mysterious and magic plan for the life 
cycle of a fern. @ 
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e By Arnold R. Beezer, S.J.. B.A.. (Gonzaga University) 


SPOKANE, WASHINGTON 


The neglect of the history of chemistry has de- 
prived many students of an appreciation of the 
impact of chemistry on our culture, and has re- 
sulted in students acquiring a distorted picture 
of the nature of chemical theory and chemical 


resea rch . 


In view of the fact that extensive chemical 
theories and facts require so much of the stu- 
dent's time, can we justify the neglect of the 


historical background of chemistry? 


Not too long ago I heard a science lecturer pose the 
following question: “How many men at one time and 
without any knowledge of science and technical skill 
would it take to build an airplane?” “One, a hundred, 
or a thousand?” A fair answer to this question, I am 
sure, would be a number close to infinity. 


If you transfer the question to modern developed 
chemistry, the answer remains the same. A large num- 
ber of chemists in one period of time have not built 
the structure of modern chemistry; rather over the 
entire course of western civilization individual chemists 
or teams of chemists have added small bits of knowl- 
edge to chemistry and made it what it is today. The 
extension of our chemistry at present has depended and 
still depends on time. 

In fact, as you know, the entire course of chemistry 
has extended from ancient Egypt to our modern world. 
The famous figures responsible for the theoretical and 
practical advances, and those who have spent their lives 
in chemistry are only a small total of the billions of 
human beings who have lived since the beginning of 
recorded time. What I wish to emphasize is that 
relatively few men over a long period of time and not 
huge numbers of men in one age have built the entire 
structure of chemistry in its present state. 


The extension, i.e., the two dimensional breadth and 
width of modern chemistry is massive. Most topics in 
a freshman college text occupy large treatises of several 
volumes. Anyone who thumbs through Chemical Ab- 
stracts will readily agree that chemistry over the years 
has expanded in a geometrical progression. 

But there is a third dimension, that of depth, which 
completes the picture. It is the time factor or the 
history of chemistry or whatever you may wish to call 
it. All who study chemistry come in contact with the 
history of chemistry. Some high school and college 
students receive a bit of chemical history at the begin- 
ning of a general chemistry course; less hear a word 
or two on some.famous figure, such as Ostwald or 
Kekulé in an advanced college course; and other more 
fortunate undergraduate and graduate students for- 
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mally study the history of chemistry, thus gaining an 
insight into the over-all depth-dimension of chemistry. 


Here it would be well to ask a few questions. Assum- 
ing that we all possess an historical background to a 
greater or less extent, how valuable is it to the chemist? 
Is it only good for mere pastime, Wissenschaft, and so 
forth? Or does it enrich one’s knowledge of chemistry? 
Does it help one see chemical knowledge as it really is, 
i.e., a body of ideas developing more and more in fertile 
minds? I could continue to ask question after question 
that has arisen in my mind, but I am afraid that they 
would follow ad infinitum, if I did not ask you to 
question yourself honestly on the depth value of history 
in your widely extended grasp of chemical knowledge. 


It is generally admitted that the scientific progress 
of past ages, since the beginning of western civilization, 
is minimized in favor of the present body of chemical 
knowledge. Leonard K. Nash points out that, “To date 
science teaching has largely neglected, oversimplified, 
or willingly misread the rich legacy of scientific history. 
... The neglect of scientific history has resulted in the 
neglect of the material that is genuinely important to 
an understanding of science, and the misreading of 
history has fostered ideas about science that are sterile 
at best and misleading at worst.”! The author of this 
statement goes on to point out some of the absurd 
“fables” that have been handed down as regards chemi- 
cal discoveries of the past. 


The sources of a warped and distorted view of the 
historical background of chemistry are complex. For 
example, take the small amount of chemical history 
inserted in the first few pages of a text book. In fact, 
just recently I thumbed through one of the better high 
school chemistry texts. With all due respect for the 
fine development of chemical principles in the book, 
I was surprised to see only seven out of seven hundred 
and fifty pages devoted to a brief synopsis of Egyptian, 
Grecian, alchemical, and modern history of chemistry. 
The seven pages in themselves are adequate as a sum- 
mary, but they are isolated from the theoretical and 
practical matter of the text book. Throughout the book 
there are brief references to Lavoisier, Mendeleev, 
Boyle, and others; but these names are there only for 
the sake of crediting the discoverer for what modern 
chemistry embraces today. One chain of facts runs as 
follows: For several centuries the Greek philosophy of 
atomism was hidden; John Dalton, a teacher in Eng- 
land, published his atomic theory in 1808; the theory 
is ete. etc. . . Is this sufficient information for 
positing the atomic theory? What esential information 
is needed? What method of presentation of the facts 
should be employed? 

Before I answer these questions and comment on the 
approach cited, allow me to refer back to the other 
types of historical chemistry that are offered, viz., 
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“passing reference to an occasional historical figure” 
and “formal history of chemistry.” The college chem- 
istry major assimilates a vast amount of necessary 
facts and consequent theories. Occasionally there is a 
passing reference to the founder of a certain branch 
of chemistry. For example, William Henry Perkin, the 
discoverer of the first coal-tar dye, is suitable. The first 
question that comes to my mind is this: How does 
Perkin fit into the scheme of chemistry? This question 
implies that there are certain related discoveries and 
events preceding and following the discovery of the 
first coal-tar dye. The background of this discovery is 
interesting. Less than fifteen years after the isolation 
of aniline in coal-tar, before people believed in the 
tetrahedral carbon and in the first days of valence in 
our modern sense, when the Kinetic Theory of Gases 
was just being founded, Perkin synthesized the first 
aniline dye (mauve). This touched off studies of diazo 
compounds, fuchsine, methyl violet, aniline black, an- 
iline yellow, alizarin, and indigo which culminated in 
the establishment of the coal-tar dye industry which 
the Germans controlled for seventy-five years. Perkin’s 
discovery is not an isolated fact, but it is in an historical 
context. 


Often throughout advanced courses brief remarks on 
various men of chemistry make up the historical depth 
of the student’s knowledge. Perhaps this is an unavoid- 
able situation in light of the fact that extensive chemi- 
cal theories and facts require just about every moment 
of the student’s time. Furthermore all will grant that 
the subject matter of the courses should receive pri- 
ority. Yet in this situation where time is scarce, chemi- 
cal history will hold the subject matter together if it 
is integrated properly. Rather than be an extra burden, 
chemical history weaved into the core matter of a 
course shows development of ideas and events within 
a particular branch of chemistry. 


Courses in the History of Chemistry? 


However in most schools, to supplement the historical 
deficiencies of the various chemistry courses, an elective 
course on the history of chemistry is offered, once the 
student has studied the major branches of modern 
chemistry. The number of chemistry majors who take 
this course will vary from school to school. I will agree 
that this is a good approach towards the problem of 
giving historical depth to the chemistry curriculum. 
However only a very small percentage of those who 
study chemistry, whether on the high school or college 
level, ever take advantage of a formal history of 
chemistry course. My concern is for the thousands of 
h'gh school youngsters who study chemistry for a 
year, for the liberal arts students who fulfill their 
science requirement by taking freshman college chem- 
istry, and for the hard working chemistry majors who 
exclusively concentrate on all the branches of chemistry. 
Are they going to have a “brief summary at the front 
of the book” or “passing reference to an occasional 
historical figure’ type of chemical history? 


Clara de Milt, writing in one journal, has provided 
me with a good starting point for answering the ques- 


tion. She says, “Every graduate student specializing 
in chemistry is first and foremost a human being, re- 
sponsible to an extent determined by his talent and 
ability to partake in preserving western civilization. 
If he is an intelligent student he must inform himself 
in one way or another of the factors that have de- 
termined the development of this country and those 
like it, so that in the years to come he may exert his 
influence effectively to preserve what we think is 
valuable to us. It is my conviction that he can do this 
only by exercising his mind in thinking with the investi- 
gators and philosophers of the past, which means he 
must know something of the history and philosophy 
of science.’’* 


This applies just as much to high school students and 
those in college as it does to graduates. The first and 
last part of the statement are fundamental. Human 
beings are studying chemistry which other men and 
women of the past have built through the past fifty 
centuries of western civilization. The practical Egyp- 
tians, the theoretical Greeks, and their successors in 
the history of chemistry were men and women like 
ourselves. They were endowed with the primary innate 
judgment that everyone experiences and which drives 
one to seek for knowledge. The ancient chemists and 
those of the Middle Ages sought to know the nature of 
the material world, even though they were more con- 
cerned with other branches of knowledge and practical 
applications of chemistry than with chemistry as we 
know it today—a science. As you know, the pioneers 
of chemistry moved ahead in scientific progress at a 
very slow rate in comparison with the last 175 years 
of modern chemistry. But this is only reasonable in 
light of all the human events that took place before 
1775. Man’s place in history today is characteristically 
scientific. Yet in earlier periods of western civilization 
the arts, philosophy, and theology claimed much of the 
time of men. To round out the story of 5000 years of 
recorded chemical and human events is beyond our 
scope here. However I wish to make it clear that men 
of all ages in some way have made chemistry what it 
is today. It is very easy to date the birth of chemistry 
from 1775 and consider the preceding years as only 
productive of occult and mystical theories, and oppor- 
tunistic experimentation to make gold. 


Fortunately however through the efforts of the 
historians of science such as George Sarton® and his- 
torians of chemistry a more healthy and intellectual 
outlook on the value of chemistry’s past has developed. 
It aims at deepening the subject matter of chemistry. 
For example, note a typical preface to a general history 
of chemistry: “To trace the interrelationships of chemi- 
cal concepts I have had to devote considerable attention 
to the earlier periods when chemistry was not recog- 
nized as a science in its own right. Many historians of 
chemistry, especially in earlier days, have felt that 
only after the time of Boyle and Lavoisier could chem- 
istry have a real history. This does not seem to me to 
be true. The germ of many modern theories is to be 
found among the ancient Greeks or even earlier. For- 
tunately it is becoming possible to consider these early 
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years in more detail than could have been done some 
time ago.”! I might add that over twenty years ago 
George Sarton was concerned with this problem of 
giving all periods of any science their due.° 


When human beings study the chemistry developed 
by others in every period of the past, then will students 
respect the work of every chemist of the past and 
profit culturally. The long and continued efforts of 
many men and women alone brings chemical progress. 
All chemists from antiquity to today have had to exer- 
cise their intellects in patient experiment and involved 
formulation and testing of theories. The chemistry of 
all past ages is ours; we only have to encompass it for 
what it is worth. 


At this point I would like to attempt to resolve the 
problem created by my previous questions. I have 
mentioned earlier two ways in which the history of 
chemistry is given to the majority of chemistry stu- 
dents. One group receives a few pages of history 
almost completely isolated from the main body of the 
chemical subject matter; the others hear a name of a 
famous chemist snatched out of the rich context of 
chemistry’s history. 


Teacher Versus Book 


To provide a solution to the problem I must begin 
with the premise that a book is never a substitute for 
a good teacher. In other words, only as teachers can 
we make chemistry living. Even though a chemistry 
book may integrate large amounts of chemical history 
into the core matter of the course, still it is up to the 
good teacher to put across chemical history as in- 
tegrated into the subject matter. One method by which 
this may be done and which I have found successful, 
is the logical, progressive approach—questions and 
answers—-which leads to deeper knowledge. The acqui- 
sition of knowledge is progressive, i.e., a step by step 
procedure from what is more known to us to what is 
less known. For example, when we were young we may 
have thought that water was an element. Later in 
school we came to know that it was made up of two 
elements—hydrogen and oxygen. Slowly but surely we 
came to know more and more about these elements and 
so forth... By this method the unknown comes within 
a man’s grasp. 


The entire course of chemical history is very suitable 
to the logical, progressive approach. No doubt you have 
experienced its value and have incorporated the his- 
torical backgrounds of chemistry into your various 
courses. A good example of this approach is the way 
in which the four element theory is used. It is very 
easy to disregard this theory, ridicule it, and finally 
end the reference to it in a tone of disgust. Yet if you 
and your students were living 2300 years ago wouldn't 
it seem rather reasonable in light of the empirical 
evidence at hand? In historical context the four element 
theory is very reasonable and provides sufficient ma- 
terial for some mental gymnastics on a student’s part 
at the beginning of a general chemistry course®. Just 
the right questions can bring some remarkable answers. 
At the same time it is well to point out that the genera! 
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disdain for Aristotelian physics stems from a vital 
misunderstanding of the two principles of nature, viz., 
prime matter and substantial form, behind the four 
elements. These principles are not elements or things, 
but principles of activity or composition which in an 
element or thing make it to be such and such an element 
or thing. With a full understanding of the Grecian 
philosophies of nature a teacher may profitably in- 
corporate the theories of the four elements and atomism 
into an early section of any general chemistry course. 
These theories offer any number of questions. For in- 
stance, why did the Greeks hold atomism? Why did 
they hold the four element theory? Were their reasons 
valid in both instances? 


In some respects an advanced course is preferred 
to a method involving the logical, progressive approach. 
Take, for example, the famous “berthollide-daltonide” 
question. Certainly most compounds that we know 
today are “berthollides,” viz., of variable composition. 
Yet strange to say, the law of definite composition 
which typifies “daltonides” has won the battle for the 
first place in the text books. Several factors which 
account for this from the early part of the nineteenth 
century, viz., the establishment of the law of definite 
proportions and so forth, make excellent matter for 
appropriate questions. Furthermore it is good to men- 
tion that the classical experiment on the preparation 
of iron sulfide is used to exemplify the law of definite 
proportions while actually iron sulfide typifies variable 
composition with a ratio of its constituents in the 
neighborhood of 11:10 as a minimum. Many other spe- 
cial topics with suitable questions present themselves 
for incorporation into an historical method of teaching 
chemistry. 

Including essential chemical history in a _ course, 
also enables a student to grasp the scientific method of 
discovery—as a living method and not a set of dried 
up rules. Slowly but surely as the student resolves each 
problem with the giants of chemical history he comes 
to realize that, “A scientist knows why a certain pro- 
cedure must be followed as well as what the procedure 
is. He knows how to set up the problem and to ask 
the kind of question that can be answered.”? By logical 
development through chemical history the student in- 
tegrates all the facts, laws, and theories in their real 
worth for the sake of the subject matter and not just 
for the sake of their own isolated values—whatever 
they possibly be worth in and of themselves. As a 
result there is a relation between the extensive subject 
matter and the historical dimension of depth which 
produces a complete and vital picture of chemistry— 
one of three related dimensions. 


I am not going to attempt to outline a procedure for 
incorporating all the essentials of chemical history into 
the main subject matter of all the chemistry courses. 
The good teacher of chemistry has done or can do this 
with effort and ingenuity. I only wish to state the 
question, point a way towards resolving it, and show 
what can happen in the future to thousands of Ameri- 
can youth who are taking various chemistry courses. 
(Continued on Page 61) 
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The Argument From Authority 


e By Henry van Laer, D.Se., (University of Leyden) and 
Henry J. Koren, C.S.Sp.. 8.T.D., (Catholic University) 


DUQUESNE UNIVERSITY, PITTSBURGH, PENNSYLVANIA 


The physical and biological sciences are founded 
on the concrete data of the senses. Sense data 
must be obtained by direct observation or by ex- 
perimentation. However, lack of time and other 
considerations frequently demand that the scien- 
tist consult the literature in his field. 


This is a condensation of a chapter in the 
authors’ book THE PHILOSOPHY OF SCIENCE. 
Father van Laer is at present Professor at the 
State University of Leyden in the Netherlands. 
Father Koren is chairman of the philosophy de- 
partment of Duquesne University and editor of 
the Duquesne Studies, Philosophical Series. 


No one is able to obtain all knowledge through per- 
sonal research, whether it be for lack of time or 
ability. In the event that one cannot obtain informa- 
tion by personal research, the use of arguments from 
authority is not unreasonable and even perfectly ra- 
tional, provided certain requirements are met. 


Requirements of the Argument from Authority 


For convenience sake we will call the one upon whose 
authority we must rely the communicator, and that 
which is accepted upon his authority the communication. 
To accept upon authority is also called to believe. In 
addition, we assume here that the original communica- 
tion is made known to us without any intermediaries. 
To be rational, reliance upon authority with respect to 
direct communications requires that the following con- 
ditions be fulfilled. 


1. It must be certain that the communicator has 
made the communication in question. This communica- 
tion may have been given directly to us orally or in 
writing or be contained in a written document. 


2. It must be certain that the communicator pos- 
sessed the necessary knowledge and insight and that 
he did not make a mistake. 


3. It must be certain that the communicator did not 
intend to deceive, i.e. his trustworthiness must be 
definitely established. 


4. It must be certain that the interpretation one 
gives to the communication agrees with the intention 
of the communicator. 


TRUTH REVEALED BY GoD. With respect to truths 
revealed by God, the second and third conditions are 
beyond discussion because they cannot be fulfilled. 
But it remains to be proved that God has really made 
the communication in question and also that our inter- 


pretation of it is correct. The first condition is con- 
cerned with the proof of a historical event. It has to 
be established by historico-critical methods and touches 
also the problem of intermediaries who transmit the 
communication. The question of interpretation is a 
problem of exegesis. Because of the special difficulties 
involved in our lack of insight into such truths, an 
authentic exegesis will often be necessary. For the 
definitive determination of revealed truths and their 
authentic interpretation we are referred to the teaching 
authority of the Church which Christ has founded for 
this purpose. 


COMMUNICATIONS OF MAN. Any communication of 
man which is offered to us as to be accepted upon 
authority must satisfy the four requirements. 


Regarding the first requirement, as a rule, there will 
be little difficulty if the communication in question is of 
a recent date. In the case of communications made in 
the distant past, there may be special difficulties, which 
have to be solved through a historical investigation. 


With respect to the second requirement, a distinction 
is necessary. If there is question of the simple observa- 
tion of a fact or event, it has to be certain that the 
communicator was capable of observing it. If, on the 
other hand, the matter concerned was a scientific state- 
ment, for which perhaps a long and complex experi- 
mental investigation was required or difficult theoreti- 
cal speculations, then it must be definitely established 
that the communicator possessed the required intellec- 
tual capacities and other necessary means. In general, 
it will be possible to accept, without objection, com- 
munications if one is convinced that the communicator 
is an “authority” with respect to the subject in ques- 
tion. Nevertheless, one must always take into account 
the possibility that human communicators are subject 
to errors because of insufficient keenness of sense pow- 
ers or intellectual capacity and sometimes also because 
of influences coming from man’s emotional life. Such 
influences often result in an unconscious one-sidedness 
of view and the overlooking of difficulties. In cultural 
sciences one’s view of life or general philosophic posi- 
tion will often lead to an incorrect interpretation of 
the facts. 


Concerning the third requirement, in general, it may 
be presupposed that there is no intention to deceive. 
Nevertheless, because of human frailty deliberate de- 
ception is a distinct possibility which cannot be wholly 
excluded. Historic cases of intentional fraud teach us 
to be on guard in this respect. It is possible, for in- 
stance, that a defender of a theory, especially in a 
polemic exchange of views, through vanity or in order 
not to admit error, will deliberately twist the facts to 
make them fit the theory. Incidents of this kind have 
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occurred in the past. Accordingly, it is imperative to be 
on guard against it in discussions. 


The danger of deliberate deception is especially great 
in the cultural sciences, specifically in history, in which 
so much depends upon the personal interpretation of 
the author. The last few decades have witnessed large- 
seale falsification of history in certain totalitarian 
States, where the ruling powers decided what youth had 
to be taught concerning history. Occasionally, even 
physical sciences have become the victims of this 
method. 

With reference to the fourth requirement, often it 
will not be easy to satisfy it, especially if the communi- 
cator himself has not clearly stated his meaning. In 
such a case recourse must be had to other means, which, 
however, often do not allow more than a_ probable 
opinion. Here, too, there is great danger that the 
interpretation will be guided too much by one’s per- 
sonal views and desires, so that often much will simply 
be put into the communicator’s mouth. Difficulties of 
interpretation will occur especially with great fre- 
quency in the realm of the cultural sciences. 


Communications Through Intermediaries 


If the communication has not been laid down in writ- 
ing by the communicator himself or has not been di- 
rectly spoken to us by him, we will be dependent upon 
intermediaries who received the communication and 
transmitted it to us either orally or in writing. Such 
intermediaries must satisfy certain requirements, which 
practically coincide with those of the communicator. 


1. It must be certain that the intermediary trans- 
mits the communication upon the authority of the 
original communicator. 


2. The intermediary does not need to have an insight 
into the communication, but it must be certain that he 
knows the original communication and that he did not 
err in transmitting it. 

3. It must be certain that the intermediary did not 
deliberately falsify the communication. 

4. The interpretation of the communication given by 
the intermediary is irrelevant unless it expresses the 
proper interpretation of the original communication. 

These demands would seem to be clear enough without 
any further comment. If they are met, we do not rely 
upon the authority of the intermediary but upon that 
of the original communicator, i.e. in the case of divine 
Revelation transmitted through intermediaries, upon 
the authority of God; and in the case of human com- 
munications, that of man. 


Regarding the case of divine Revelation, it will be 
necessary to show by historico-critical means that the 
above demands are met. In this case, these intermedi- 
aries will be mainly the authors of the New Testament. 
The required argumentation is usually set forth in 
that part of dogmatic theology which is called “prae- 
ambula Fidei.” It is beyond our scope to enter into 
this question. 
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Value of the Argument from Authority 


The so-called argument from authority is not a proof 
and as such does not result in an insight. As soon as 
in one way or another an insight is acquired, the truth 
in question will be accepted because of this insight and 
no longer upon authority. 


With respect to divine Authority (Scripture and Tra- 
dition), the revealed communication in its right in- 
terpretation is true beyond doubt and absolutely certain; 
hence it is able to serve as the indisputable starting 
point of the supernatural science of theology. Divine 
Authority often is the only possible way to arrive at 
certainty in theological matters. 


Regarding human authority, if the requirements are 
met, the communications in question wil! supply a 
valuable contribution to natural science — “natural” 
being taken here in opposition to “supernatural.” In 
general, however, one may say that such communica- 
tions do not have more authority than their original 
source. Hence the scientific authority of the communi- 
cator must always be taken into consideration. 


Moreover, in difficult problems, such as those of 
philosophy, the possibility of error cannot be discounted, 
not even with respect to the most expert communicator. 
Accordingly, in human sciences the so-called argument 
from authority is the lowest and weakest of all because 
it lacks the strength of inner evidence. Nevertheless, 
it would be foolish to reject absolutely all authority 
and everything that has come down from the past 
through tradition, as was done by Francis Bacon and 
Descartes, and to accept only that which can be ac- 
quired through personal insight. 


On the other hand, there are also cases on record in 
which authority has been too firmly adhered to and its 
utterances accepted without discrimination. Examples 
of such an unlimited reverence for authority were found 
among the Pythagorians, who wanted to cut short every 
discussion with a simple “Jpse dixit,” (the Master has 
said it); also among many Aristotelians, especially in 
the Middle Ages, who did not dare to accept anything 
which went against the view of Aristotle, “The Phil- 
osopher.” The reproach of such a slavish following of 
Aristotle is often addressed to Albert the Great and 
Thomas Aquinas, but unjustly so. Both resist precisely 
the uncritical acceptance of Aristotle’s sayings. “Aris- 
totle is no God but a fallible man,” said Albert. Thomas 
often quotes the opinions of Aristotle and other authori- 
tive authors, both pagan and Christian, but he uses 
them only, after serious examination, as a confirmation 
or illustration of his own view. He is not influenced 
by misplaced reverence. “Harmony, which is an effect 
of charity, consists in a union of hearts and not of 
views.” He never considers authority as the criterion 
of scientific certainty. Authoritive communications are 
quoted by him as the opinions of others and dis- 
tinguished from true philosophical arguments. 


As a general rule, it is good to make use of the results 
achieved by our great predecessors and to give them a 
(Continued on Page 65) 
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Genesis I:1-31 


® By Joseph P. Moroney, C.S.Sp.. D.Se. (Villanova University) 


The misinterpretation of Holy Scripture has 
been a big factor in the science-religion contro- 
versy. 

If we wish to determine the meaning of an 
article or an amendment of the Constitution of 
the United States, we must look into its history, 
investigate the intention of the Congress in adopt- 
ing it, and study the decisions of the Supreme 
Court in interpreting it. The Bible, like the Con- 
stitution, cannot be interpreted by a study of the 
text alone, but it must be studied against the 
background of its history, original language, and 


tradition. 


Difficulties in reconciling the account of creation in 
Genesis and the theory of evolution are the result of 
a misinterpretation of the Scriptures or a misunder- 
standing of the theory of evolution. We will attempt 
to determine the content and meaning of the first 
chapter of Genesis and to show that it is in no way 
contradictory to the scientific theory of evolution. 


As a basis for our discussion, we will assume the 
following: 

1. The fact of revelation by means of Holy Scripture 
and Tradition. 

2. The inspiration of Holy Scripture. 

3. The Church is the official custodian and _ in- 
terpreter of the Bible. 

4. That our assumptions can be proved by the 
methods of apologetics. 


There are certain fundamental considerations which 
we must bear in mind in interpreting the Bible. 
They are: 

1. We must never abstract from inspiration in ar- 

riving at a decision. 

2. We must remember that the Bible is not a modern 
book. We must keep in mind the genius of the 
Hebrews, and their methods of writing history 
and poetry. 

3. We must also try to discover the purpose of the 
inspired writer. For example, did he intend to 
write history in the strict sense of the word, or 
did he intend to write a work containing historical 
details? 

4. Not only must the immediate context be studied, 
but also the whole context of the book in question. 


The order of creation and the geological time table 
seem to be the chief sources of difficulty. Even before 
the advent of modern science, the order of creation 
caused many problems, for example, the creation of 
light prior to the creation of the sun. In the Third 
Century A.D., Origen wrote: 
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“What rational creature would be prepared to 
believe there was a first, second, and third day, 
morning and evening, before the sun was made?” 
(De Principiis IV.3)! 

In considering this account of creation, we must 
realize that it is not God’s purpose to teach us the 
facts of science, and that the primary purpose of 
revelation is to teach us the things we must know in 
order to serve Him and to save our souls. There are 
three possible views that can be considered as a basis 
for the interpretation of this chapter:? 

I. Strictly Literal View 

According to this view, each word is taken in its 
strictly literal sense. One day would be a 
period of twenty-four hours. 

II. Concordistic Views 

Some try to harmonize the strictly literal view 
with the scientific theory of evolution. This can 
be accomplished by taking the word “day” to 
mean an era or an indefinite period of time. 
Others have suggested that after the fall, the 
race of men dispersed and a backward evolution 
took place and homo sapiens evolved to the earlier 
forms of primitive man. However, it seems that 
concordistic views create as many problems as 
they solve. 

III. Jdealistic Views 

Here we can distinguish extremist and conserva- 

tive views. 

1. Extremist Views 
Under this heading we can group such views 
as the dream theory, which states that the 
first chapter of Genesis is a dream of Moses. 
Other theories claim that God revealed these 
things to Moses in a series of visions, or that 
the account is a ritual hymn. There is no 
real foundation for any of these hypotheses. 
Lastly, the narrative of Genesis is called a 
myth—this is to be rejected as an outright 
denial of inspiration. 

2. The Conservative View 
At present the simplest solution of all diffi- 
culties is to see in these chapters a history of 
the world’s origin told in metaphorical form. 
This view enables us to maintain the literal 
sense and to avoid the difficulties which 
result from attempts to treat the narrative 
as strict history in the formal sense of the 
word. 

In support of the conservative view, we have the 
internal evidence of the text, tradition, the fact that 
it is in harmony with the principles of interpretation 
laid down in the Encyclical Providentissimus Deus and 
the decisions of the Biblical Commission, and lastly, it 
conforms to the principles outlined in the Encyclical 
Humani Generis. 
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Evidence of the Text 


If we examine the first chapter of Genesis, we note 

the following: 

1. Creation consists of a series of definite operations. 

2. The style is poetic. 

3. The account is essentially anthropomorphic. God 
is depicted as a man—He acts, plans, and speaks 
as a man. 

4. The account is expressed in popular language and 
according to appearances, e.g., the sky is de- 
scribed as a vault above the earth. 


In view of the above characteristics of the account, 
it would seem that Moses, the inspired author, did not 
intend to present a description of the actual process of 
creation, but merely to teach that God created all things. 


Papal Documents 


In the Encyclical Providentissimus Deus, Pope Leo 
XIII quotes the rule of St. Augustine for the interpre- 
tation of Scripture when it seems that it comes into 
conflict with scientific theories :* 

“Whatever they can really demonstrate to be 
true of physical nature, we must show to be capable 
of reconciliation with our Scriptures; and whatever 
they assert in their treatises which is contrary to 
these Scriptures of ours, that is, to Catholic faith, 
we must either prove it as well as we can to be 
entirely false, or at all events, we must without the 
smallest hesitation believe it to be so.” 


In 1909 the Biblical Commission in a series of de- 
cisions laid down the following principles: + 
1. The first three chapters of Genesis contain a nar- 
rative of things which really happened, and the 
narrative corresponds to objective reality and 
historic truth. 


to 


We must maintain: The creation of all things by 
God in the beginning of time, the special creation 
of man, the formation of the first woman from 
man, the unity of the human race, the original 
justice of man, the fall of man, and the promise 
of a Redeemer. 

3. Where there is lack of agreement among the 
Fathers and Doctors of the Church, we are free 
to follow and defend a prudent opinion. 

4. We need not follow the strictly literal sense. 

We do not need to seek scientific exactitude in 

the text. 

6. The word YOM, the Hebrew word for day, may 

be taken as a period of time. 


In 1906 in considering the Mosaic authorship of the 
Pentateuch, the Biblical Commission stated:° 


“It may be granted without prejudice to the 
Mosaic authenticity of the Pentateuch, that Moses 
employed sources in the production of his work, 
i.e., Written documents or oral traditions, from 
which to suit his special purpose, and under the 
influence of divine inspiration, he selected some 
things and inserted them in his work, either liter- 
ally or in substance summarized or amplified.” 
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If we grant such a possibility, we must of necessity 
admit that the account of creation is not strictly 
literal. 

Tradition 


In the interpretation of Scripture, we must also bear 
in mind that there is another source of revealed truth, 
namely, tradition, and in the consideration of the mean- 
ing of any text, we must take into account the tradi- 
tional interpretation of the text. 


In the Summa Theologica, St. Thomas discusses the 
creation of the world in six days.® In his discussion, 
St. Thomas favors the more literal interpretations of 
the text, but he does not rule out the conservative view. 
He cites the opinions of the Fathers and Doctors of 
the Church, and as a result of these citations, we have 
in this section of the Summa a convenient digest of 
the teaching of the Fathers and Doctors of the Church. 
As for example, in Question Seventy-one of the Pars 
Prima, in discussing the creation of animals: 

“But at the first beginning of the world, the 
active principle was the word of God, which pro- 
duced animals from material elements either in 
act, as some holy writers say, or virtually as 
Augustine teaches. Not as though the power pos- 
sessed by the water or the earth of producing 
animals resides in the earth and water themselves, 
as Avicena held, but in the power originally given 
to the elements of producing them from elemental 
matter by the power of the seed or the influence 
of the stars.” 


In various places in the discussion, St. Thomas points 
out that the majority of the Fathers consider the 
various phases of Creation to indicate different periods 
of time, but that Augustine and others are of the 
opinion that Moses, because he had to instruct an un- 
educated people, divided up what really took place all 
together. In Question Sixty-eight, St. Thomas lays 
down a very sensible rule: 

“In discussing questions of this kind, two rules 
are to be observed, as Augustine teaches. The first 
is to hold to the truth of Scripture without waver- 
ing. The second is that when Holy Scripture can 
be explained in a multiplicity of senses, one should 
adhere to a particular explanation, only in such a 
measure as to be ready to abandon it if it be proved 
with certainty to be false, lest Holy Scripture be 
exposed to the ridicule of the unbelievers, and 
obstacles be placed to their believing.” 


Humani Generis 


In August 1950, Pope Pius XII published the Encycli- 
cal Humani Generis in which the theory of evolution is 
discussed. It is the first papal document to mention the 
theory of evolution by name. It discusses the need of 
revelation, calls attention to some of the abuses of the 
theory of evolution, and cautions against a too liberal 
interpretation of the Book of Genesis. However, in this 
encyclical, there is an implicit admission of the validity 
of the conservative view in this statement: 

“Whatever of popular narrations have been in- 
serted into the Sacred Scriptures must in no way 
be considered on a par with myths or other such 
things, which are more the product of an extrava- 
gant imagination than that of striving for truth.” 

(Continued on Page 60) 
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Science Is As Seienece Does 


e By Robert T. Hance, Ph.D. 


DEPARTMENT OF BIOLOGY, OUR LADY OF CINCINNATI COLLEGE, CINCINNATI, OHIO 


Is the shortage of humanists as critical as the 
shortage of scientists? 


Many believe that humanists and _ scientists 
must cooperate to prevent the destruction of our 
culture by the misuse of science. 


You will find the author’s views on science and 
the humanities challenging. 


Science, fortunate in being concerned with tangible 
things, is more comprehensible to the average person 
than are many other just as worth-while but less 
definite fields of culture. The utilitarian value of the 
products of science naturally tend to make us forget 
that science is, after all, only a part of the sum of 
human activities. The whole of any subject is a com- 
posite of parts and the man trained in the facts of 
one field alone is seldom a cultured or rounded person. 
He is a technician who handles the mechanisms of his 
small body of details but can rarely put them together 
into useful generalizations. The real scientist knows 


his facts as they bear upon many others and can talk 
with any man. In the last analysis science is straight 
thinking and differs from other fields of intellectual 
activity in the materials worked with rather than in 
methods of thinking about them. 


The originality or imagination called for in the 
planning of a scientific experiment and in the synthesis 
of the results into a working hypothesis is certainly 
no greater and but very little different from that re- 
quired in the creation of a literary or musical composi- 
tion. Lord Bryce once wrote that science advances 
through its ability of calling many things by the same 
name or, in other words, in the recognition of features 
or principles common to several groups. Certainly the 
humanities serve helpfully by calling the same thing 
by many names thereby spotlighting the variability and 
spiritual phases of the universe. 


That workers in demonstrable things originally spot- 
lighted straight thinking is probably beyond question 
but the growing feeling that they should be, or are 
today, the sole guardians of objective reasoning seems 
silly. Perhaps in many instances the students of the 
humanities have failed in “organizing common sense” 


considerably. 
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@ Charts, maps, etc. very accessible. 
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but this has always seemed to me to represent failure 
of individual training rather than basic differences in 
the requirements of the subject matter. 


Let then those who are to teach of the facts of the 
universe be well trained not only in the sciences but 
be also and equally well disciplined in the relation of 
these facts to the whole of culture. Straight thinking 
would seem to be the common denominator in the search 
for truth whether it be in Sanskrit, in Biology or in 
putting the atom to work. @ 


Genesis I:1-:31 
(Continued from Page 58) 


Also, the possibility of the evolution of man’s body may 
be held, but polygenesis is ruled out. It is difficult to 
see how such ideas can be held without using the Con- 
servative View in interpreting Genesis. 

The Conservative View establishes a very broad prin- 
ciple of exegesis. It is in harmony with the context of 
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THE SCIENCE 


Genesis, the decisions of the Biblical Commission, the 
encyclicals of Leo XIII, Pius XI, and Pius XII, and 
it is supported by the authority of many of the Fathers 
and Doctors of the Church. So far as the scientific 
theory of evolution is concerned, it offers no difficulty, 
and while some may favor a more literal interpreta- 
tion, they should not rule out the possibility of the 
Conservative View. 


Lastly, in all questions concerning science and re- 
ligion, we must keep in mind the teaching of the Church 
that there can be no conflict of faith and reason. A 
necessary corollary of this teaching is that there can 
be no real conflict of science and religion, for the God 
of revelation and the God of nature are the same. @ 
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The fiction of Jules Verne is rapidly becoming fact as the world begins to adapt to a new 


“space age.’ Satellites are now in orbit. Sending a rocket to the 


ments to simulate its conditions. 


In teaching, there is a compelling need to give students an opportunity to do more than i 
read about the universe. Apply visual education, let them see for themselves our 3” Altazimuth 
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The Historical Depth 


(Continued from Page 54) 


The solution to the problem is not in any book, but in 
the heads of expert chemistry teachers. 


James B. Conant wisely says, “The history of science 
demonstrates beyond a doubt that the really revolu- 
tionary and significant advances come not from em- 
piricism, but from new theories. The development of 
these theories, in turn, has in the past depended on 
free discussion of their consequences.”* Just as the 
history of philosophy is the laboratory of the phil- 
osopher where he observes the parentage, envirenment, 
development, and function of ideas, so the history of 
chemistry becomes a special kind of laboratory where 
the chemist discovers the evolution and development of 
chemical ideas. A methodology, drawing on the his- 
torical depth of chemistry, enables young minds to 
penetrate more deeply into the ideas of chemistry and, 
in turn, into its relation to all the other activities of 
a chemist’s life. @ 
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Despite its low cost, UNITRON Model MUS offers 
features lacking even in much more costly models 
usually offered for student use. For example, both 
fine and coarse focusing are provided — not 
merely a single focusing control; an iris diaphragm 
to regulate aperture for highest resolution — not 
merely a disk diaphragm; and a condenser system 
for optimum illumination. 

The optical performance of Model MUS at each 
of its magnifications is equivalent to that of expen- 
sive research models. All mechanical parts are 
machined to close tolerances and the stand is 
beautifully finished in black and chrome. Model 
MUS comes complete with triple revolving nose- 
piece and three objectives: 5X, 10X, 40X; choice 
of two eyepieces from: 5X, 10X, 15X; coarse 
focusing (accessory safety stop available); con- 
denser with iris diaphragm; inclinable stand; plano- 
concave mirror; wooden cabinet and dustcover. 
Mechanical stage available at extra cost. 
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UNITRON STUDENT AUTO-ILLUMINATION MICROSCOPE, MSA 


The UNITRON Student Auto-lllumination Micro- 
scope, Model MSA, employs a newly designed 
stand in which all components and controls are 
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any optional observing direction to permit two 
students sitting side by side to share a single 
instrument. With the built-in illuminating system of 
the superior low-voltage type, each student is 
assured of the correct lighting. The transformer is 
conveniently housed in the microscope base itself 
where it contributes to the stability of the stand 
rather than to the clutter of the laboratory table. 

Model MSA comes complete with triple revolving 
nosepiece and three objectives: 4X, 10X, 40X; 
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phragm. Filter holder and 
filter. Mechanical stage 
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Surgeons All 


© By HARVEY GRAHAM, M.D., with a foreword 
by OLiver St. JOHN GoGARTY. Philosophi- 
cal Library, Inc. New York. 1957. Pp. 
459. $10.00. 


This history of surgery was prepared for publication 
in 1939, but due to the outbreak of World War II, it 
was not published. The author has added a postscript 
of thirty-one pages summarizing the developments from 
1939 to 1956. It is a very interesting and compre- 
hensive history of surgery. 


As Doctor Graham’s story unfolds, we view the 
evidence of superstitious trepanning of Neolithic man 
and the mixture of magic and surgery that existed in 
very ancient times. Greek and Roman contributions 
to the development of surgery and later developments 
in the art of surgery are discussed, as are some of the 
honest misconceptions and quacks which hindered its 
growth. We meet such interesting characters as the 
barber surgeon and the corpse thief. The contributions 
of such men as Hippocrates, Galen, Lister, Pasteur, 
and others are well treated. 


This book is not only a history of one phase of medi- 
cal science, but it is also a real contribution to the 
literature of the development of modern science. 


J.P. M. 
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The Scientific Study of Social Behavior 


® By MICHAEL ARGYLE. Philosophical Li- 
brary. New York. 1957. Pp. 239. $6.00. 


Those who are seriously interested in the scientific 
study of social relations will agree that Argyle has 
produced a minor classic. In the first part of the book 
the author gives an excellent account of modern scien- 
tific developments in the area of social research, cut- 
ting across the fields of Sociology and Psychology. He 
eliminates the treatment of personality and socializa- 
tion (the processes by which the individual is helped 
to take on the social and cultural characteristics of 
his group). Particular emphasis is placed on method- 
ologies, procedures and techniques. Empirical findings 
are identified, summarized, and compared. Without 
adopting any particular theoretical position, the author 
explores the principal research designs, theories and 
generalizations, and the instruments by which they 
were derived. 


Part II is content-oriented. In a masterful way, the 
author explores the dyad (two person group) the small 
group, and the larger social formations, including in- 
dustry and other social organizations. 


This book should find its way into the personal library 
of every one in the area of social studies at the College 
level. 

Francis R. Duffy, C.S.Sp., Ph.D. 
Chairman, Sociology Department 
Duquesne University 


The Story of Archaeology 


® By AGNES ALLEN. Philosophical Library, 
Inc. New York. 1958. Pp. 245. $4.75. 


This is the kind of popular book that only an expert 
can write. It presents a very clear account of the 
development, methods, and some of the principal dis- 
coveries of archaeology. 


The introductory chapter explains how cities of the 
past have been buried and discusses the basic principles 
of archaeological science. The, remaining chapters of 
the book are arranged in order of the development of 
archaeology. The various sites are discussed, and 
the histories of the people who once occupied them are 
briefly outlined. The author avoids excessive detail in 
the historical narratives and as a result, this book will 
not overwhelm the beginner. 


We recommend “Why Must Archaeologists Dig?” to 
all who are seeking a good book to start studying 
archaeology on their own. J.P. MM. 


Earth, Moon and Planets 


© By Frep L. WHIPPLE. Grosset and Dunlap. 
New York. 1958. Pp. 1x + 293. $2.95. 


This is a comprehensive book on the principal bodies 
of the solar system other than the sun. While its 
language is nontechnical, it presents a_ thoroughly 
accurate picture of the present state of our knowledge. 


The organization of the context is logical and clear. 
The average high school student should have no great 
difficulty in following the author’s presentation. The 
author makes very effective use of charts, diagrams, 
and photographs in both making the text understand- 
able and pleasing to the eye. The more ambitious stu- 
dent will find the five appendices, especially the planet 
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finder and star chart, useful in further independent 
study. 


In view of the present interest in astronomy, no WE Sy PECIALIZE 


high school librarian can afford to be without this 


book. College students and even their professors can 
also profit by reading “Earth, Moon and Planets.” 18 SEPENSARIE AND INENPENSIVE SETS OF 
LIVING CULTURES 


J.P.M. 
@ L52h High School Protozoan 
Set (5 cultures) 
@ L52k Debris and Planl on 
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The Strange Story of Our Earth 


© By A. HYATT VERRILL. Grosset and Dunlap. 
New York. 1957. Pp. xm + 255. $1.98. 


@ 154 High School Invertebrate 
The little we know of the earth’s history has been 
obtained by the painstaking labors of experts in many e poral Drosophila Set (2 


fields of science. Mr. Verrill’s book is a well-written, 
popular, and accurate summary of the present state 
of our knowledge of the earth’s past. 


@ AG100 Gene ics Set Kit 


@ LBI9 Large set of Ten Algae 
(individually packed) 


The style is pleasing and the illustrations are well @ LB27 Lichen Set (4 species) 
drawn. The printing and binding are very good, and Brown Planaria as supplied in @ LB122 Insectivorous Plant Set 
the publishers are to be congratulated on their presenta- the High School invertebrate set (5 specimens) 


tion of an excellent book at such a low price. 


WE GUARANTEE SAFE ARRIVAL OF ALL 


This book belongs in every high school library. 
LIVING MATERIALS 


J.P.M. 


* . * — - For more information on the many sets available and 
for immediate class orders write to 
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respectful but also critical reception. In matters where 
we ourselves through our own research cannot arrive 
at certainty, the authority of others who are better 
qualified offers support and provides a basis for a 
probable opinion or even certainty if all required con- 
ditions are perfectly fulfilled. 


Free Catalogue Available to Teachers 


In our own era of specialization, in which it has 
become impossible for one man to arrive at something 
even remotely resembling the personal mastery of all 
sciences, appeals to the authority of others are often 
made far too easily. Without any critique, adherence 
is frequently given to whatever may be found in en- 
cyclopedias, textbooks and popular scientific works. 
Moreover, there is a strong tendency to accept as true 
and certain all utterances of a great man of science, 
even when they refer to questions outside the realm of 
his specialization; e.g. when a capable physicist speaks 
about philosophy or religion. In this matter, it will be 
well to keep in mind the warning given by Husserl]: 
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Martian Atmosphere 


(Continued from Page 48) 


is because the light from Mars passes twice through its 
atmosphere—cnce coming from the sun and once after 
reflection from the Martian surface. 


The spectrograph used in the present investigation 
could detect no H.O bands beyond the one at 0.823 
microns (1 micron 10,000 A). However, theoretical 
analyses by E. K. Plyler and W. S. Benedict* of the 
Bureau’s radiometry laboratory, and others, indicates 
that the bands at 0.942, 1.135, and 1.379 microns are 
more intense. As shown in Table I, the band at 0.942 
is about 3 times, the one at 1.135 about 10 times, and 
the one at 1.379 at least 60 times more sensitive than 
the band at 0.823. C. C. Kiess was able to detect the 
bands at 0.942 and 1.135 microns in the laboratory, 
where a strong source of artificial light was available’. 


Nonetheless if water vapor is to be detected in the 
relatively weak light from Mars by means of the 
longer-wavelength bands, more efficient detectors than 
the present types of photographic plates are needed. 
Increased sensitivity could also be obtained from 
ballcon-, rocket-, and artificial satellite-based spectro- 
graphs. Excellent results have already been obtained 
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in this way on the spectrum of the sun, revealing 
hitherto undetected portions in the infrared as well 
as in the ultraviolet. @ 


TABLE I. 


Absorption bands of H»O in the red and infrared 
portions of the spectrum. The second column gives, for 
each band, the associated quantum numbers for the 
3 fundamental modes of vibration (stretching, bending, 
and distortion) of the H»O molecule. The relative 
transition probabilities are a measure of the intrinsic 
intensity of the absorption lines. 


Wavelength Relative 
of Band Head Vibrations Transition 
(u) 4, *, % Probability 
1.379 (i, 6, 2) >6 
1.135 (3. 3, 3) 1.000 
0.942 (2, 0, 1) 0.3 
0.723 (3, @, 1) 0.03 
0.652 (3, 1, 1) 0.005 
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Chemicals To Fight Malaria 


Chemicals are helping make possible medical science’s 
first promising all-out fight against malaria—the 
world’s greatest health problem. The battle to complete- 
ly wipe out the disease is being carried out on a world- 
wide scale. 

Being pushed to the limit, is a $500 million blitz 
campaign to stamp out the dreaded scourge within ten 
years. The disease now attacks over 200 million annu- 
ally, killing more that two million. 

The shift in emphasis from mere control to complete 
eradication was dictated partly by successful cam- 
paigns in Chile, Sardinia, Italy, and partly by the fear 
that DDT-resistant strains of the Anopheles mosquito 
may get out of hand. The tiny, malaria-causing para- 
site is transmitted by the female Anopheles. 

In a basic sense, the campaign hinges on a habit. 
The female generally does her hunting indoors, paus- 
ing for rest on a wall before and after biting. Walls of 
dwellings sprayed with DDT will kill her on contact, 
and retain enough of the insecticide six months later 
to kill shortly after contact. 

So the malaria fighters are tackling the gigantic 
eradication job literally house to house. Houses in ma- 
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larial regions have been scheduled for at least three 
annual sprayings. This way, doctors believe they can 
break the parasite’s cycle—mosquito to man and back 
again. The disease can only be transmitted from one 
human to another by the parasite-carrying Anopheles. 
The parasitic cycle is completed when a noninfected 
mosquito picks up the parasite by biting a victim who 
has already contracted malaria. 

With the annual sprayings, the mosquitoes should be 
prevented from starting any new infections, and old 
ones will tend to burn out since the parasite loses its 
reproductive ability after a few years. Where DDT is 
ineffective, dieldrin, another insecticide, will be used. 

In areas where the mosquitoes bite in the open, pre- 
ventive drugs will be used in the all-out-battle, in ad- 
dition to spraying. A plain table salt, fortified with an 
anti-malarial drug—chloroquine—serves to build resis- 
tance to the disease. 

The world-wide battle is being led by the World 
Health Organization, plus various other international 
groups and 60 governments. 

Though the U. S. has had no home-grown malaria 
for three years, it will contribute $100 million to the 
battle of eradication through economic aid programs. 

—CHEMICAL NEWS 
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AERODYNAMICS. A comprehensive survey of 
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symposium by 16 American and foreign experts. 
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future. Fully illustrated. $6.00 
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not only one of the world’s foremost archaeologists 
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and his way of life. 


ASTRONOMY 


526 () CONSTRUCTING AN ASTRONOM- 
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capable of exploring the universe without involving 
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Illustrated. $3.75 
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quired in the development of atomic factories, in- 
vestment factors, comparative fuel costs, automation, 
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trial applications of radioactive materials in such 
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mixing controls, transmission, detection and health 
precautions. $4.75 
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by D. G. Arnott. A lucid appraisal of the good 
and evil potentials in nuclear energy. Includes 
basic data through disposal of radioactive waste. 

$6.00 
534 [] ATOMIC ENERGY RESEARCH AT 
HARWELL by Kenneth Edmund Brian Jay. It 
describes the work done at Harwell between 1951 
and 1954. The author is Principal Scientific Officer 
at Harwell since 1947. 19 half-tones. $4.75 
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537 () INDUSTRIAL ELECTRONICS CIR- 
CUITS by R. Kretzmann. With the increasing ap- 
plication of electronic aids in nearly all branches 
of industry, there is a growing need for circuits 
which have been proved in practice. The present 
volume includes over 200 carefully selected, repre- 
sentative electronic circuits for industrial use. $10.00 
538 () INDUSTRIAL ELECTRONICS 
HANDBOOK by R. Kretzmann, 2nd enlarged edi- 
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describes the principles and properties of the vari- 
ous classes of electronic tubes, together with typi- 
cal applications and circuits. In the second part 
a separate chapter is devoted to each of the main 
types of application, containing a large number of 
practical examples. $12.00 
539 [) ELECTRICITY AND MAGNETISM 
by J. Newton. A detailed study of the phenomena 
and theory of electricity and magnetism. The first 
ten chapters set out clearly the fundamental ma- 
terial on current electricity. The author then deals 
with electrostatics, magnetic properties of materials, 
magnetometry and thermoelectricity, concluding with 
a survey system of units, electronic circuits and 
elementary atomic physics. The author is Senior 
Lecturer in Physics, at Northampton Polytechnic, 
London. $10.00 
540 [] ELECTRO-TECHNOLOGY by M. 6. 
Say. A concise and comprehensive daily reference 
work for all electrical engineers. $6.00 
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Engineer for Production and Transformer Equip- 
ment at “L’Electricite de France’’ and Professor 
of Electrical Engineering at L’Ecole Superieure de 
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the field and detailed discussion of the physical 
aspects of cavitation phenomena. symposium 
by 22 eminent scholars. $15.00 
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nomenclature for machines and their components; 
metals, mining, geology, scientific terms pertinent 
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554 [] PLASTICS PROGRESS 1957. 
The latest scientific discoveries and developments 
in the all-important field of plastics engineering 
are presented in this symposium of reporis by re- 
search specialists associated with American’ uni- 
versities and leading American, British and Ger- 
man producers of commercial plastics. $22.50 
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radar, measuring instruments, equipment, circuits 
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542 () PROCESS ENGINEERING IN THE 
FOOD INDUSTRIES by R. J. Clarke. An up- 
to-date technological account of chemical (or pro- 
cess) engineering in the manufacture, preservation 
and purification of foodstuffs. $10.00 
543 () CAVITATION IN HYDRODYNAM- 
cS. A critique of the progress being made in 


556 () TEACHING SCIENCE TO THE OR- 
DINARY PUPIL by K. Laybourn and C. H. 
Bailey. The main object of the authors in pre- 
senting this intensely practical book has been to 
show how every aspect of teaching Science in 
school can be treated experimentally, with the 
main emphasis on practical work by the students 
themselves. $10.00 
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Foreign Technical 
Information Center 


Secretary of Commerce Sinclair Weeks announced 
new measures to increase scientific knowledge through 
establishment of a Foreign Technical Information Cen- 
ter within the Department of Commerce. 


To finance prompt action on the new project, the 
Department is requesting a special appropriation of 
$300,000 (contained in the supplemental request trans- 
mitted to the Congress by the President to initiate 
the program). In addition, the President’s budget for 
1959 includes $1,250,000 for the Department’s Foreign 
Technical Information program. 


The new program will set up a central clearinghouse 
in the Commerce Department’s Office of Technical 
Services, headed by John C. Green. The Center is to 
collect, evaluate and distribute valuable foreign scien- 
tific and technical literature for the use of American 
scientists and engineers. 


“In recent years, government agencies and private 
institutions and industries have steadily increased 
their translation of Soviet magazines, monographs 
and books,” said Secretary Weeks. “At the present 
time, however, there is no central agency in the Govern- 
ment responsible for acting as a clearinghouse on all 
such foreign, technological, scientific and engineering 
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information for the purpose of making it generally 
available to American scientists, research institutions 
and the public. 


“With the cooperation of the National Science Foun- 
dation, comprehensive surveys were undertaken by the 
Department and other federal agencies last year, and 
the proposed new Center is the result of this ground- 
work. Plans have been worked out for public distribu- 
tion of information from such organizations as the 
National Science Foundation, Atomic Energy Com- 
mission, the armed services and the intelligence agen- 
cies.” 


Arrangements have been made to obtain from these 
and other agencies copies of abstracts and translations 
of foreign technical articles, monographs and books. 
It is estimated that these will be supplied at an an- 
nual rate of 50,000 abstracts and 10,000 complete trans- 
lations. 


The items will be catalogued in the library of the 
Office of Technical Services. It is planned that the 
abstracts will be published and released to the technical 
press, and that copies of translations will be made 
available to the public. 


A staff of engineer-translators will be added to re- 
view and analyze foreign publications and select those 
of greatest value. It is planned to appoint a scientific 
advisory committee to assist in the selection. Arrange- 
ments will be made for full translations of important 
articles and studies. Among the materials the en- 
gineer-translators will receive are copies of 200 im- 
portant Russian scientific journals. 


The new Center will operate a coordination service 
to eliminate duplication of translating among U. S. 
public and private agencies and by friendly foreign 
governments. In its own translation work, the Center 
will concentrate on technology. 


The cooperation of industry, universities, libraries 
and commercial translation firms will be sought in 
feeding information to the Center. 


The Office of Technical Services in recent years 
has been collecting and publishing reports of U. S. 
Government-sponsored technical research, including ab- 
stracts and translations of certain foreign documents. 
Its library contains many German research papers 
captured by the Allies. At present, between 600 and 700 
new and non-classified reports of Government research 
are released through OTS each month, and those having 
widest interest are reprinted and sold at the cost of 
printing and handling. 


Among regular OTS publications are a monthly 
catalog of Government research reports, catalogs on 
specialized subjects, and a newsletter reviewing new 
research of interest to small business. 


The OTS also will continue studies and surveys of ad- 
ditional measures which might be taken to strengthen 
the collection and dissemination of both national and 
foreign technical information. 
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Foundation Invites Proposals 
for Summer Institutes 


The National Science Foundation announced recently 
that proposals and requests for funds are now being 
accepted for the support of 1959 Summer Institutes for 
the supplementary training of high school and college 
science and mathematics teachers. Universities and 
colleges which wish to sponsor such institutes are in- 
vited to request information from the Program Director 
for Summer Institutes, National Science Foundation, 
Washington 25, D. C. Deadline for the submission of 
proposals in final form is August 1, 1958. 


A total of 125 institutes are scheduled for the summer 
of 1958 in 47 states, the District of Columbia, Alaska, 
Hawaii, and Puerto Rico. Increasing Congressional sup- 
port of the program makes it desirable for the Founda- 
tion to plan now to triple the number of institutes to 
be held during the summer of 1959. Specifically de- 
signed by the Foundation to encourage a national policy 
to improve subject-matter mastery of science and mathe- 
matics teachers, institutes are planned and conducted 
by colleges and universities and commonly last from 
six to ten weeks. 


Foundation support enables sponsoring institutions 
to pay stipends to participating teachers, plus allow- 
ances for dependents and travel, and contributes toward 
operational costs. The number of teachers varies from 
institute to institute, but averages about 50. Teachers 
submit applications directly to the sponsoring institu- 
tion, NOT to the Foundation. 


The Summer Institute Program has grown rapidly 
under National Science Foundation sponsorship since 
the first two were held in 1953. Approximately 6,200 
teachers, mostly in the high school, will receive stipends 
during the present summer. More than 40,000 appli- 
cations from teachers were received by sponsoring 
institutions this year. Total cost of the program in 
1958 will be about $6,800,000. 


The number of institutes for high school and junior 
high school teachers will probably exceed 300 in the 
summer of 1959. About 10 per cent of the 160,000 sci- 
ence and mathematics teachers in secondary schools of 
the country will be able to participate. It is expected 
that approximately 40 institutes can also be provided 
for some 1,800 college teachers, to whom only eight 
institutes are available this year. 


Institutes represent only one of the Foundation pro- 
grams directed toward improving the teaching of sci- 
ence and mathematics. Information concerning other 
Foundation programs for improving science education 
in the United States can be obtained from the National 
Science Foundation, Washington 25, D. C. @ 
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@ THE MODERN ELECTROSTATIC GENERATOR 


THE CAMBOSCO GENATRON serves not only for classical experiments in static 
electricity, but also for new and dramatic demonstrations that are not performable by 
7 any other means. It exemplifies a modern method of building up the tremendously high 
voltages required for atomic fission, for nuclear research, and for radiation therapy. 


Entirely self-exciting, the GENATRON cracks into action at the snap of the switch 
—whose only function is that of starting the motor drive. No auxiliary charging method 
is employed. Hence, despite an output measured in hundreds of thousands of volts, no 
hazard is involved, for the operator or for the observers. 


An Output of 250,000 Velis — or More! 


THE CAMBOSCO GENATRON is designed to deliver, in normal operation, a 
discharge of the order of 250,000 volts. That figure, a conservative rating, is based 
on many trials conducted under average conditions. With ideal conditions, a potential 


difference of 400,000 volts has been achieved. 


Mederm Design— Sturdy con- 


struction and 
ever-dependable performance distinguish 
the GENATRON from all electrostatic 
devices hitherto available for demonstra- 
tion work in Physics. This powerful, high- 
potential source, reflecting the benefits of 
extensive experience in electrostatic engi- 
neering, has absolutely nothing but pur- 
pose in common with the old fashioned 
static machine. 


NO FRAGILE PARTS—Durability was a 
prime consideration in the design of the 
GENATRON which, with the exception 
of insulating members, is constructed en- 
tirely of metal. 

The only part subject to deterioration 
is the charge-carrying belt, which is readily 
replaceable. 


NO TRANSFER BODIES —In all conven- 
tional influence machines, whether of 
Holtz or Wimshurst type, electrical charges 
are collected and conveyed (from rotating 
plates to electrodes) by a system of “trans- 
fer bodies.” Such bodies have always taken 
the form of metal brushes, rods, button 
disk or segments — each of which, inevit- 
ably, permits leakage of the very charge 
it is intended to carry, and thereby sharp- 
ly limits the maximum output voltage. 


It is a distinguishing difference of the 
GENATRON that electrical charges, con- 
veyed by a non-metallic material, are es- 
tablished directly upon the discharge ter- 
minal. The attainable voltage according- 
ly depends only upon the geometry of 
that terminal and the dielectric strength 
of the medium by which it is surrounded. 


Unique Features of the 
CamboscO Genatron 


DISCHARGE Charges accumulate on, and dis- 
TERMINAL charge takes place from, the 
outer surface of a polished metal ‘‘sphere’’—or, 
more accurately, an oblate spheroid. 

The upper hemisphere is flattened at the pole 
to afford a horizontal support for such static 
accessories as must be insulated from ground. 
A built-in jack, at the center of that hori- 
zontal area, accepts a standard banana plug. 
Connections may thus be made to accessories 
located at a distance from the GENATRON. 


CHARGE. To the terminal, charges are con- 

veyed by an endless band of pure, 
CARRYING live latex —-a CamboscO develop- 
B E L T ment which has none of the short- 
comings inherent in a belt with an overlap joint. 


DISCHARGE High voltage demonstrations 
B A UL LU often require a “spark gap” 
whose width can be varied without immobiliz- 
ing either of the operator's hands. 

That problem is ingeniously solved in the 
GENATRON, by mounting the discharge ball 
on a flexible shaft, which maintains any shape 
into which it is bent. Thus the discharge ball 
may be positioned at any desired distance 
(over a sixteen-inch range) from the discharge 
terminal. 


BASE...AND Stability is assured by the _— 
sive, cast metal base—where deep 

DRIVING sockets are provided for the flex- 
MECHANISM ible shaft which carries the dis- 
charge ball, and for the lucite cylinder which 
supports, and insulates, the discharge terminal. 
The flat, top surface of the base, (electrically 
speaking), represents the ground plane. Actual 
connection to ground is made through a con- 
veniently located Jack-in-Head Binding Post. 
The base of the Genatron encloses, and elec- 
trically shields, the entire driving mechanism. 


PRINCIPAL v1. overall height of the 
DIMENSIONS GENATRON is 31 in. Diam- 
eters of Discharge Ball and Terminal are, 
respectively, 3 in. and 10 in. The base 
measures 5% x 7 x 14 in. 


CAMBOSCO SCIENTIFIC COMPANY 
3739 ANTWERP ST. @ BRIGHTON STATION 
ROSTON, MASS.. U.S. A. 


GENATRON, With Motor Drive 
Operates on 110-volt A.C. or 110-volt D.C. 
Includes: Discharge Terminal, Lucite In- 

sulating Cylinder, Latex Charge-Carrying 

Belt, Discharge Ball with Flexible Shaft, 

Accessory and Ground Jacks, Cast Metal 

Base with built-in Motor Drive, Connecting 

Cord, Plug, Switch, and Operating Instruc- 

tions. 


No. 61-705 - - - - $98.75 


GENATRON, With Speed Control 
Includes (in addition to equipment item- 
ized above under No. 61-705) a built-in 
Rheostat, to facilitate demonstrations re 
quiring less than the maximum output. 


No. 61-708 - - - - $109.00 


No. 61-710 Endless Belt. Of pure latex. For 
replacement in No. 61-705 or No. 61-708_$3.00 
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